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ABSTRACT

Vibrio anguillarum exhibits species-specific antigens on
the protein core of the polar flagellum (H) and H-determinants
which are expressed by heterologous Vibrio species.

Monoclonal

antibody (MAb) which reacted with flagella core protein by ELISA
were affinity purified from protein A-sepharose.

Staphylococcus

aureus Cowan 1 cells armed with anti-H MAb coagglutinated each
of the 10 V. anguillarum O-antigen serovars within 1 to 2
minutes, as well as V. ordalii isolates.

These findings suggest

these two vibrios express similar if not identical speciesspecific

H-determinants.

The

anti-H

reagent

coagglutinate 10 heterologous Vibrio species.

did

not

MAb generated

against LPS, extracted from V. anguillarum serovar 01, 02 and
03, were tested for serovar-specificity by ELISA and direct
slide agglutination.

Anti-02 serovar-specific MAb fixed to S.

aureus cells detect the 02 serovar in enrichment culture fluid
6 hours after the broth was seeded with kidney, liver, spleen
and blood from diseased fish.

Utilization of the anti-0 serovar

specific MAb coagglutination assay is rapid and applicable to
the identification of V. anguillarum from diseased fish.

Anti-

H can be used to detect potential environmental pathogenic
strains which are nontypable with available anti-0 sera.

ix
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INTRODUCTION

Vibriosis is a disease of marine and freshwater fishes.
The causative agent was first isolated by Canestrini in 1893 and
named Bacillus anguillarum from its source, the eel Anguilla
anguilla.

The present name Vibrio anguillarum derives from the

detailed description of the pathology and bacteriology of the
disease given by Bergman in 1909 (Horne, 1982).

Since which

time it has become one of the most intensively studied bacterial
diseases of fish.

The etiological agent of fish vibriosis is world wide in
its distribution and is known to be infectious for a large
number of fish species (Chart and Trust, 1984).
often

of

epizootic

proportions

which

become

Outbreaks are
economically

important when affecting species of sport fish or those used for
human consumption (Wolke, 1975).

Interest in the disease has

been stimulated by an upsurge of mariculture during the past
decade.

The ubiquitous nature and virulence of vibriosis make

it a factor which must be considered if marine fish farming is
to be an economic success.

The literature is replete with

reports of vibriosis as the limiting factor in the production of
salmonids

and other marine

fish under

cultural

conditions

(Anderson and Conroy, 1970).

1
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The causative agents of vibriosis:

Vibrio anguilleirum has been known by various names since it
was first isolated and described in 1893.

It has been called

Bacterium anguillarum (1893), Vibrio anguillarum (1909), Vibrio
piscium

(1927),

Achromobacter

ichthyodermis

(1934)

Pseudomonas ichthyodermis (1944) (Ezuraetal., 1980).
Vibrio anguillarum was made official in 1974

and

The name

(Buchanan and

Gibbons, 1974) and all variants and strains of V. piscium are
now known as V. anguillarum.

Vibrio anguillarum has two biotypes which are recognized
by a number of epithets by different authors.

Both biotypes are

capable of causing disease (Schiewe et al., 1977;
al., 1978;

Ezura et al., 1980).

Baumann et

Schiewe et al. proposed (1981)

that the consistent phenotypic differences between these two
taxa warrant formal designation as two separate species, Vibrio
anguillarum (previously phenon or biotype I) and Vibrio ordalii
(previously phenon or biotype II).

V. anguillarum and V. ordalii are short, Gram-negative rod
shaped bacteria, either curved or straight, and motile by a
single polar flagellum.

The optimum growth temperature for V.

anguillarum is 18-30°C, but it will grow at 5°C and rarely at
37°C (Wolke, 1975) .

It grows well on most laboratory media,

usually more profusely in the presence of 1.5 to 3.5% salt

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(Anderson and Conroy, 1970).

Most strains of the bacterium will

grow in the presence of 7% salt.

Vibrio anguillarum grows

rapidly producing circular, convex, cream-colored colonies on
Tryptic Soy Agar (TSA). Vibrio ordalii grows slowly on primary
isolation, requiring at least 48-72 hours at 18°C to form similar
colonies.

Biochemical
fermentation
sensitivity

of
to

features
glucose
120

ug

of

these

without
vibriostat

two

the

species

production

0/129

include
of

gas;

(2,4-diamino-6,7-

diisopropyl-pteridine) per ml of medium and a positive cytochrom
oxidase reaction.

The G+C content is 43-46%.

The change in the classification of this fish pathogen is
based on the differences between the classical V. anguillarum
and V . ordalii in cultural and biochemical characteristics, and
in deoxyribonucleic acid (DNA) sequence relatedness (Schiewe et
al., 1981).

Phenotypically, V. ordalii was distinguishable from

V. anguillarum based on: negative Voges-Proskauer reaction;
negative reaction with arginine in Moeller's medium; negative
Simmons' and Christensen's citrate test; negative o-nitrophenyl
B galactopyranoside (ONPG) test; failure to hydrolyze starch;
failure to show lipase activity; inability to grow at 37°C; and
failure to ferment cellobiose, glycerol and sorbitol (Baumann,
et al., 1978).

Genotypically, strains of V. ordalii form a

highly conserved DNA homology group which showed 83-100% within-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

group homology and only 58-69% relatedness to V. anguillarum
(Anderson and Ordal,

1972;

Schiewe and Crosa,

1981).

in

contrast, V. anguillarum strains tested showed greater than 70%
within-group homology and 53-67% relatedness to V. ordalii
(Anderson and Ordal, 1972; Staley and Colwell, 1973; Schiewe,
et al., 1977).

In 1985,

Tajima et al reported that V. anguillaurum phenon

I (V. anguillarum) and phenon II (V.

ordalii) were genetically

homologous predicted on the results of DNA-DNA homology testing.
There were no differences of homology of DNA of the phenon II
isolated and the reference strain classified in phenon I

even

if their phenotypical similarities were less than 57%.

They

concluded that these two phenons probably belonged to the same
species.

The susceptible fish species:

At

least

48

species

of

fish

susceptible to V. anguillarum infection
1969).

are

known

to

be

(Anderson and Conroy,

Most are marine and estuarine fishes such as cod,

herring, salmon, pompano, patter, croaker, mackerel, flounder
and turbot.

Freshwater fishes known to be susceptible to

vibriosis include rainbow trout,
guppy, tiger barb and ayu.

carp,

pike,

eel,

tilapia,

Vibrio anguillarum has been isolated

from tiger shrimp in Taiwan (Song et al., 1988).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Fish species susceptible to Vibrio ordalii infection are
the salmonid fish in the Pacific Northwest and Japan (Colwell
and Grimes,
infections

1984;
have

Schiewe et al.,

been

reported

in

1981).
ayu

Vibrio ordalii

and

fingerlings

of

rockfish, reared in freshwater ponds and net cages maintained in
the sea (Muroga et al., 1986).

This is the first report of V.

ordalii infection in non-salmonid fishes.

Epizootic characterization:

V . anguillarum is ubiquitous in the marine and estuarine
environment,

and

fish

in these

exposed to this pathogen.
host-dependent mode

of

localities

are

continually

V. ordalii appears to have a more

existence

than does V.

anguillarum

because it is rarely isolated from water, sediment, or other
abiotic marine samples; V. ordalii is recovered from fish only
(Schiewe, 1983).

The means by which V. anguillarum transmitted is from fish
to fish under natural conditions is unknown, but the oral route
is suspected.

The

organism is known to colonize

intestinal tract of apparently normal fishes
1968).

at the

(Aiso et al.,

Those pathogens in the gut invade the host under

conditions of stress.

Bacterial infections do not arise

spontaneously but are the result of some stress or series of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

stresses to the fish which make them susceptible to bacterial
infection.

Stress factors reduce the innate resistance of fish.
basic

mechanism

by

which

stress

decreases

resistance

The
to

infection is probably hormonal, which results in a decreased
humoral (antibody) response and cellular (phagocytic) response.

Stresses

are

many

and

varied

and

represent

any

physiological change from what is an optimal condition for the
fish.

Stresses

are

arbitrarily

environmental, and biological.
oxygen levels,
levels.
metals

divided

into

chemical,

Chemical stresses include low

or high carbon dioxide,

ammonia and nitrate

Exposure to sublethal levels of insecticide and heavy
may

also

represent

stress.

Environmental

stresses

include extreme temperatures, excessive saturation of water with
gases (gas bubble disease), or excessive sunlight.

Biological

stress could include: infestation with external or internal
parasites carrying chronic heterologous infections or a lack of
balanced diet.

Most stress conditions occur from
single

sources.

For example,

the

multiple rather than

stress

associated with

shipping include capture in nets, ammonia and carbon dioxide
accumulation, and the potential to exposure subjected to water

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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in radically different quality than the environment.

When fish in aquaculture are maintained under conditions of
good water quality, low density population, and fed a balanced
diet, microbially induced diseases are rare.
stressed,

When fish are

at certain stages of maturity or when they are

transported and subjected to certain management procedures, but
above all when water quality is poor or quantity is inadequate,
then disease is most often a consequence.

This suggests that

the existing commensal relationship between fish and bacterial
flora has been broken, and the normal microflora can exploit the
lowered fitness of the host.

It is also possible that the

disease strains are more infectious than commensals and are
transmitted from the infected population to another, and are
distinct from the commensals.

In order to determine whether commensals possess a latent
ability to cause disease in stressed fish, Horne et al. (1982)
isolated Vibrio anguillarum from normal young salmon
salar) cultured in seawater.
high dose,

(Salmo

These isolates were injected, at

into individual fish of the salmon population from

which they had been isolated.

There was no obvious fish

infection in the challenge group.

Conversely,

when V.

anguillarum was

isolated from the

tissue of moribund fish during an outbreak of vibriosis, these

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

isolates readily produced infection in members of the same
population.
specificity.

These findings may be a consequence of host-range
Egidius and Andersen (1978) shoved that Vibrio

anguillarum isolated from salmonids are pathogenic to salmonids
but only to a very low degree to saithe (Pollachius virens).
Conversely,

strains

isolated

from diseased

saithe

were

pathogenic when injected into healthy saithe, but non-pathogenic
when

introduced

to

salmonids.

It is

possible

that

the

commensals of one fish species may be the pathogens of another
species.

When a few individual fish in a farm facility become
infected, their environment rapidly becomes contaminated; the
water, mud and especially filters become continuing sources of
vibrios (Horne, 1982) .
V.

anguillarum

in

Infected fish secrete live, infective

their

feces

and also

possibly

through

abdominal pores.

The incubation period for vibriosis following exposure may
be as short as three days, depending on the virulence of the
pathogen and susceptibility of the fish.

The disease course

becomes septicemic following invasion and the organisms can be
recovered from the blood, kidney,
organs.

liver and other systemic

Dead fish becomes a source of the infectious agent.

Crowding in fish culture makes exposure to infectious doses an
obvious concern.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Sea-birds may carry the infectious agent from an infected
farm to a neighboring clean facility.

There is also evidence to

indicate that V. anguillarum may enter susceptible fish through
existing external injury sites (Nelson et al., 1985; Muroga and
Cruz, 1987).

External parasites may create the lesion through

which the agent enter the host fish.

The

fish

infected with V.

anguillarum

show signs of

infection which are similar to those caused by other Gramnegative bacteria, such as the erythema at the base of fins, in
the mouth, along the grooves of the lower jaw, the opercles and
circumventing anus.

Boil-like lessions may occur under the skin

and in the muscle, which may ulcerate to the exterior (McDaniel,
1975; Anderson and Conroy, 1970).

Internal signs of vibriosis

include petechia and erythema in the peritoneum and visceral
organs.

The intestine is usually erythemic and filled with

fluid (Holt, 1970).

Histopathology of vibriosis:

Histopathology of vibriosis caused by Vibrio anguillarum
and Vibrio ordalii has been described differently by various
investigators.

Variations in pathology include differences in

the extent of internal hemorrhage and distribution of bacterial
cells in host tissues (Funahaski et al., 1974; Miyazaki and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Kubota, 1977; Miyazaki et al., 1977; Laurencin and Germon, 1987;
Nelson et al. 1985; Muroga and Cruz, 1987).

Ransom et al.

(1984) using standard histopathological techniques, followed the
progression of naturally-acquired and experimentally-induced
vibriosis caused by both V. anguillarum and V.
Pacific salmon.
anguillarum

ordalii in

They reported that bacteremia caused by V.

occurred

in

the

early

stages

with

pronounced

histopathological changes in blood, loose connective tissue,
kidney,

spleen,

gills and posterior gastrointestinal tract.

Bacterial cells were uniformly dispersed throughout the infected
tissue but were most abundant in the blood.

The V. ordalii

induced bacteremia developed in the late stages of the disease
and the concentration of bacterial cells per ml of blood was
less than in V. anguillarum infections by two to three logs.
Tissues in which the most pronounced changes occurred were in
the skeletal and cardiac muscle, the anterior and posterior
gastrointestinal

tract

leukopenia usually

and

in

the

gill

accompanies bacteremia

tissue.

Severe

caused by either

Vibrio species.

In 1985, Nelson et al. used fluorescent antibody to follow
the fate of V. anguillarun in infected tissue.
that the vibrios were sequestered

in the spleen initially

followed by their proliferation into the kidney.
from bacteremia,

with most

They reported

tissues

of

the

Death resulted
fish

septic.

Extensive necrosis of the kidney, spleen, posterior intestine

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

11

and liver was observed.

The gills were congested with vibrios

and the epithelial cells destroyed.
antigen

was

detected

in

intestine and spleen.

the

Extracellular bacterial

musculature,

kidney,

liver,

No phagocytosis by macrophages was

observed.

Pathogenesis of infections

The pathogenesis of infections by Vibrio anguillarum and
Vibrio ordalii has been extensively studied, but remains poorly
understood.

In 1977, Crosa et al. discovered that virulent

strains of V. anguillarum,

strains that cause death of infected

salmonids, possess a large plasmid with a mass of 47 megadaltons
(Mdal) .

This plasmid,

strains examined,

as judged by plasmid homology experiments

(Crosa et al., 1977).
virulence

designated pJM 1, was found in all

Furthermore, cured strains lost their

(Crosa et al.,

1977;

1980).

Crosa

(1980,

1984)

subsequently demonstrated that the plasmid pJM 1 codes for
production of a highly efficient iron sequestering system which
permits V. anguillarum to obtain iron necessary for metabolism,
even in the presence of host proteins that exhibit high affinity
for unbound

iron

(i.e.,

transferrin,

lactoferrin,

and iron

chelating proteins which are present in body fluid).

The V. anguillarum iron sequestering system consists of a
low molecular weight siderophore and two outermembrane proteins,
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0M2 and OM3 (Crosa, 1980) .

Both the slderophore and OM2 are

coded by pJMl; OM3 is chromosome product of unknown involvement
in the system.

The siderophore diffuses into the environment

and complexes with iron,
vertebrate transferrin

even iron that has been bound by

(Crosa,

1980).

The siderophore-iron

complex becomes attached to outer membrane protein OM2, at which
tissue iron is presumably transported into the cell

(Crosa,

1980).

In many bacterial pathogens, plasmid-mediated properties
have

been

shown

pathogenicity.

to

express

significant

components

of

The demonstrated difference in virulence between

plasmid and non-plasmid containing strains of Vibrio anguillarum
may explain the distinction that has been made between isolates
obtained from commensal situations and diseased animals.

But

this is not always the case.

In 1983, Toranzo et al. extended the molecular genetic and
virulence studies of V. anguillarum to strains isolated from
moribund striped bass captured in Chesapeake Bay.
virulent Vibrio

anguillarum

detectable plasmids,

strains which

They isolated

did not

contain

although these strains were capable of

growing under iron limiting conditions and in normal fish serum.
When these

were

grown under

iron

limiting

condition,

new

outmembrane protein bands did appear and a siderophore was
detected.

Eastern seaborne V. anguillarum possess an iron-
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sequestering system that is encoded in chromosomal DNA and not
in a plasmid.

The

relationship

of

pathogenesis

and

molecular

characterization of V. ordalii was studied by Schiewe et al. in
1981.

They found that Vibrio ordalii universally revealed the

presence of an extrachromosomal element, or plasmid, with a
molecular mass of about 20 megadaltons,

designated pMJIOl.

There is no homology between pJMl and pJMlOl, which suggests
that

pJMlOl

does

not

sequestration of iron.

encode

proteins

involved

in

the

Whether plasmid pJMlOl plays a role in

the virulence of V. ordalii remains unknown.

The

plasmid

information

for

or
a

chromosomal

high-affinity

DNA
iron

which

encodes

sequestering

the

system

presumably enables the invading vibrio to proliferate under
normally limiting levels of iron in the infected host.
systemic

infections,

the

successful

pathogen

must

In
have

properties which allow it to establish itself in host tissues.
Trust et al.

(1981)

including

anguillarum

V.

studied the ability of marine vibrios,
and

V.

ordalii,

to

resist

the

bactericidal activity of normal (nonimmune) rainbow trout (salmo
gairdneri) serum.

The loss of this resistance coincided with a

marked reduction in virulence.

They reported that,

in the case

of Vibrio anguillarum, serum resistance was not coded for by the
virulence plasmid pJMl, and therefore was not sole dependent
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upon the iron-sequestering proteins.

The

ability

hemagglutinate

of

V.

heterologous

anguillarum

and

erythrocytes

V.

ordalii

collected

variety of animal species has also been examined.

from

to
a

It was

suspected that there is a correlation between virulence of
Vibrio anguillarum and its ability to produce hemolysin and
extracellular products (ECP) (Krovacek et al., 1987), such as
the exotoxin produced by Vibrio cholerae.

Vibrio anguillarum

does not produce exotoxin similar to Vibrio cholorae,

but does

produce a hemolysin (Inamura et al., 1984; Moustafa et al.,
1985) and an extracellular substance (Krovacek et al., 1987).
However, the relationship between these extracellular products
and lethal toxicity of the organism to fish is unclear.

At

present, there is almost no information on the pathogenesis of
Vibrio anguillarum and Vibrio ordalii (Horne, 1982).

Disease control:

The current direction of research on vibriosis has been
directed towards reliable rapid diagnosis and investigation into
antibiotic therapy and efficacious vaccines.

Sindermann (1990) has emphasized that disease control in
intensive and extensive culture systems is critical, and it is
feasible with the appropriate application of measures designed
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to reduce the risks of losses due to this environmental factor.
Sindermann proposed a control program which contained four
elements;

(1)

adequate

diagnostic

services,

(2)

stress

management, (3) prophylactic immunization, and (4) chemotherapy.

Adequate diagnostic services must be available, regardless
of the species or the nature of the culture system since
identification and biological ecological characterization of
pathogens usually precede the development of effective disease
control.

Progress has been made in the development of methods

to diagnose the major fish pathogens which harass fish farms.

By convention, diagnosis of Vibrio anguillarum and Vibrio
ordalii infections is based on disease signs and the isolation
and identification of these bacteria.

Disease signs are not

unique or different from those of other diseases caused by Gramnegative bacteria.

Presumptive diagnosis is based upon the

isolation of a short, motile, cytochrome oxidase-positive, Gramnegative curved bacillus that ferments glucose (McDaniel, 1975)
from diseased fish tissue, such as kidney, liver, spleen and
necrotic muscle tissue.

The pathogen can be isolated from

infected organs

culture

if care

sample

fish

selection

of

in pure

diagnostic

practiced upon necropsy.

and

is taken

in the

disinfection

is

Colonial growth on laboratory media

will be apparent within 24 hours for Vibrio anguillarum while
Vibrio ordalii colonies appear at 72 h at 22°C.
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It is difficult to distinguish vibrios from anaerogenic
aeromonads, because both are:

motile by single polar flagellum,

oxidase positive and ferment glucose.

The vibriostat,

2,4-

diamino-6,7-diisopropyl-pteridine(0/129), and novobiocin are of
value in distinguishing the two genera.

In

addition

identification,

to

a

serological

bacteriological
tests

are

also

approach

used.

to

Several

serological methods used to identify fish pathogens have been
developed.

Kimura and Yoshimizn (1983) used specific antibody

sensitized Staphylococcus aureus, and coagglutination reagents
to diagnose furunculosis produced by A. salmonicida in salmonid
fish.

This test proved to be a simple, rapid and reliable

diagnostic procedure for furunculosis in the field as well as in
the laboratory.

Ainsworth et al. (1986) employed a monoclonal

antibody indirect fluorescent technique to confirm the clinical
diagnosis of enteric septicaemia of catfish.

Austin

and Watt (1986) prepared monoclonal antibody which

they immobilized on plastic sticks and employed as a dip-stickELISA.

The dipstick when inserted into diseased fish tissue

captured the target pathogen.

The sensitivity of the dipstick

was 10* or greater.

In the last decade, many serologic diagnostic tests have
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been developed for identifying Vibrio anguillarum and Vibrio
ordalii infections,

such as direct slide agglutination test

(Johnsen, 1977), double immunodiffusion test (Chen et al., 1974)
and indirect fluorescent antibody (IFA) test .

McDaniel has stated that "at present, serologic diagnosis
of vibriosis may not always be possible because of a polyvalent
antiserum covering all of the presently recognized serotypes of
the fish-pathogenic vibrio is not yet available" (1975).

At

present, no serological test has been developed which detects
an asymptomatic infection or indicates prior exposure to the
etiologic agent.

Stress management

such as

concern about

overcrowding,

reduced dissolved oxygen, and increased quantities of excretory
products in the water are not new prophylactic methods.

All

conditions usually found in present-day culture place stress on
the fishes and make them more susceptible to infection.
is an important determinant of mortality.

So it

careful culture

techniques will reduce the risk of losses of fish.

Vaccination has been developed for controlling vibriosis.
Most used vaccines for control V. anguillarum and V. ordalii
infections are inactivated bacterial vaccines, bacterin which is
one of two commercial available bacterins.

The routes of

immunization include spray, immersion, oral, and intraperitonea 1
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injection.

The immersion route appears to be the more practical

route of bacterin delivery, although the intraperitonea1 route
is more effective.

Oral bacterin is prepared by adding killed

bacteria to the ration and fed to fish.

Usually these bacterins

will not give complete elimination of mortality from the disease
but do reduce losses (Amend and Eshenour, 1980).
oral

bacterins

has

many

advantages

The use of

over other methods

developing acquired immunity in cultured fish.

in

Many serious

problems must be overcome before they are generally acceptable
for vibriosis control.

When

other

measures

to

control

of

vibriosis

fail,

chemotherapy becomes important. Sulfonamide and oxytetracycline
are the most chosen drugs for controlling
epizootic vibriosis in cultured fishes.

mortality during

Some of the nitrofuran

compounds are useful against bacterial fish diseases.

In 1985, Aoki et al reported the pathogenic V. anguillarum
strain they isolated from ayu carried multiple drug-resistant R
plasmid.
showed

The strains collected from various areas of Japan
resistance

chloramphenicol,

to

various

combinations

tetracycline,

of

streptomycin,

nine

drugs:

ampicillin,

colistin, nalidixic acid, furazolidone, sulfamonomethoxine and
trimethoprim.

The

authors

suggested

reduction

of

drug

treatments in the future, warned against the indiscriminate use
of chemotherapeutants, and urged the use of full therapeutic
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dosages of the most effective drugs.

Aquaculture is a growing factor in world fish production.
Disease has been and is a significant deterrant to successful
aquaculture; at times it may determine the success or failure of
a venture.

Expansion of fish culture has been and will be

accompanied

by

increases

in

mortalities

due

to

disease.

Effective fish health management calls for the use of rapid,
accurate, and sensitive methods in order to monitor the spread
of disease and adequately diagnose and control mortality among
cultured fish (Busch, 1981).

Objectives of this study:

The

purpose

of

this

study

is

to

develop

a rapid

identification method for vibriosis caused by Vibrio anguillarum
and Vibrio ordalii.
to produce

The monoclonal antibody technique was used

anti-species

specific

and anti-serovar

specific

monoclonal antibodies of V. anguillarum and V. ordalii.

Later,

those species or serovars specific monoclonal antibodies were
employed

as

coagglutination

reagents

by

arming

Staphylococcus aureus cells and/or latex bead.

them

on

Furthermore,

these coagglutination reagents were evaluated by applying them
in detecting the causative agent of vibriosis in diseased fish
tissues.
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CHAPTER I

Production of species specific anti-H monoclonal
antibodies against
Vibrio ancruillarum and Vibrio ordalii
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Vibriosis, caused by Vibrio anguillarum and Vibrio ordalii,
is an important infectious disease affecting different kinds of
marine and fresh-water fish, both wild and cultured (Sindermann,
1966; Johnsen,

1977; Sorensen and Larsen, 1986).

Vibriosis

causes serious world-wide economic damage to fish farms (Kitao
et al, 1983; Larsen and Rasmussen, 1986).
health management

on

the

farm,

For effective fish

the development

of

rapid,

specific and sensitive detection and identification methods for
fish pathogens is needed in order to monitor the spread of
disease and adequately diagnose and control mortality among
cultured fish.

Detection and diagnosis of bacterial fish

pathogens is usually achieved by classical methods of clinical
isolation and identification by biochemical reaction.

In many

instances, these methods are recognized as being costly, timeconsuming and inadequate in detecting major certifiable and
economically important fish disease (Busch, 1981).

The serodiagnosis of bacterial fish pathogens has played
an important and ever increasing role in programs of fish health
management

during

the past

15 years.

A wide

variety of

serodiagnostic techniques have been developed for the detection
of bacterial fish pathogens.

The macroscopic slide or tube

agglutination tests were among the first serological procedures
21
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applied.

Others

such as

the Ouchterlony

immunodiffusion test (Johnsen, 1977),
a qualitative tests (Busch, 1981).

double

agar-gel

is simple but primarily

However, Johnsen found that

it showed significant levels of cross-reactivity within some
other groups of pathogens when he applied it to the detection of
Vibrio anguillarum and compared with direct slide agglutination
tests.

Assorted fluorescent antibody techniques have been

developed and applied in serodiagnostic procedures to bacterial
pathogens of fish (Bullock and Stuckey, 1975).

The FA procedure

is fast, sensitive, and specific but it is often plagued with
unstable

reagents,

requirement

for

non-specific

and

auto-fluorescence,

an expensive microscope and

a

experience to

perform the technique properly and consistently.

McCarthy and

Rawle (1975) used passive hemagglutination (PHA) to diagnose
fish furunculosis caused by Aeromonas salmonicida.

This method

proved to be specific, sensitive, and reproducible, but lacked
stability and PHA required considerable preparation and facility
(McCarthy and Rawle, 1975) to perform.
immunoassay,

enzyme-linked

immune

Lastly, a solid phase

absorbent

assay

(ELISA)

(Griffin, 1979; and Smith, 1981) (Cipriano, et al, 1985) have
also been developed to detect fish pathogens.

Each is highly

sensitive and specific.

Recently,

co-agglutination

tests,

which

utilize

the

protein-A component in the cell wall of Staphylococcus aureus to
immobilize IgG and latex bead coated with antibody, have been
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developed

(Simonson and Siebeling,

1986;

1988).

Latex or

coagglutination represents a simple, rapid and sensitive test
primarily accepted and used for the confirmed identification of
clinical isolates.

The coagglutination test is better than the

direct slide agglutination and is more sensitive.

It allows to

detect soluble antigens, such as lipopolysaccharide, capsule, or
detached flagellum antigens in the solution.

It may be used

when one needs to test a large number of individual small volume
samples quickly and at a minimum cost (Simonson and Siebeling,
1986) . However, the autoagglutination and cross reactivity when
polyclonal antiserum is used can be a problem and controls are
essential.

Vibrio anguillarum and Vibrio ordalii,

like other Gram

negative bacteria, express lipopolysaccharide (LPS) (0) antigen
determinants in the cell wall.

Five serotyping systems have

been developed by several investigators, the details of which
will be given in the next chapter (Sorensen and Larsen, 1986;
Song et al., 1988; Kitao et al., 1983; Ezura et al, 1980; Chart
and Trust, 1984).

No single serotyping scheme which includes

all Vibrio anguillarum serotypes recovered from diseased fish or
marine environment exists.

Each year new isolates are recovered

from fish disease outbreaks or from the environment which can
not be serotyped by present anti-0 serum.

Conroy and Withnell

(1974) produced polyvalent O-antiserum in sheep immunized with
11 serological types of V. anguillarum and then absorbed the
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antiserum with Aeromonas and Pseudomonas species to render the
antiserum species-specific.

Their findings revealed that a

definable species-specific antigen did not reside in the cell
wall of V. anguillarum strains which could be exploited in the
construction of a serological reagent designed to identify this
fish pathogen.

McDanniel also stated that serologic diagnosis

of vibriosis might not be possible because polyvalent antiserum
which recognized all serotypes was not yet available (1975) .

In 1987, Tajima et al. reported that Vibrio anguillarum and
Vibrio ordalii express at least two thermolabile antigens, K-l
and K-2.

All the V. anguillarum strains belonging to the

somatic (O) serotypes J-0-1 to J-0t8, (phenon I) exhibit the K1 antigen whereas the strains belonging to J-0-1 of phenon II
(V. ordalii) exhibit both K-l and K-2 antigens.

They suggested

that it may be possible to detect the thermolabile K antigen in
V.

anguillarum

and V.

ordalii

instead

of

the

O-antigens.

Subsequently, they reported the K-l antigen was also expressed
by some strains of V. metschnikovill, A. hydrophilia and A.
salmonicida.

Larsen and Rasmussen (1987) examined the surface antigens
of Vibrio anguillarum by immunoelectrophoresis and found K
capsule

heat-resistant

antigens

which

exhibited

protease

resistance and did not react with homologous 0 antiserum.

These

capsular antigens were produced by most O-serotypes examined.
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A detailed serological characterization must be done to provide
more information.

Vibrio
flagella.

anguillarum
The

and

Vibrio

ordalii

possess

polar

flagellum is composed of three parts:

filament, the hook

and the basal body.

the

The external filament

is connected to the hook at the cell surface.

The hook is

attached in the basal body which is anchored in the plasma
membrane.

The basal body is comprised of a rod and two or more

sets of encircling rings contiguous with the plasma membrane,
peptidoglycan,

and

outer

membrane

of

the

cell

envelope.

Although the exact mechanism of bacterial motility
clearly understood,

is not

it is believed that filament and hook are

responsible for the rotary movement (Baumann et al., 1978 ),
while the basal body provides the necessary driving action.

The

polar flagellum, present in cells grown in liquid or solid
medium, has a diameter of 24-39 nm and consists of a core (1416nm) surrounded by a sheath.

The flagellar sheath protein contains lipopolysaccharide
and exhibits unique antigenicity different from the flagellar
core.

The sheath can be degraded through autolysis or by brief

treatment with acid or urea.
resistant

to

such

treatment.

monotrichous Vibrio cholerae

The core, on the other hand, is
The

flagellar

core

of the

appears to be similar

to the

unsheathed flagella of the peritrichous organisms.
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The unsheathed flagellar core filament consists of a single
protein, called flagellin, with a molecular weight of 40,000
g/mol, depending upon the species (Koffler, 1967; Yang et al.,
1977).

Flagellins characteristically lack the amino acids

cysteine and tryptophan.

The amino acid sequence of the

filament differs among Vibrio Spp. (lino, 1969).

These findings

led to the conclusion that the specificity of flagellar antigens
is a reflection of the surface conformation of a flagellin
molecule, which is primarily characterized by specific amino
acid sequence.
attributed

Although the specificity of flagellar antigen is

to the conformation

of the

flagellin molecule,

evidence has been presented that suggests the organization of
flagellins

in the flagellum may lead to the difference in

antigenicity between a flagellum and its component flagellin.

Evidence that species within the genus Vibrio exhibit
antigen(s) on their flagella unique to the species was reported
by Bhattacharyya,

(1975); Shinoda et al.,

Tassin et al., (1983).

(1983; 1984); and

Some of them are shared with each other

in the heterologous Vibrio species.

The presence of species

specific

the

antigenic

determinants

on

flagella

investigators to produce H-antiserum which

permitted

can be used to

identify Vibrio species present in water, seafood, diseased fish
and clinical specimens.
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In

1975,

Bhattacharyya

expresses an antigen(s)

reported

that

on the flagella

V.

(H)

anguillarum

unique to the

species, a finding confirmed by Tassin et al. in 1983.

It is

difficult to visualize the anti-H flagella reaction within the
time-frame

of

the

(Mukerjee, 1978).

direct

immune

slide

flocculation

test

In a liquid medium, the anti-H antibody is

restricted to bridging H-determinants located on the single
polar flagellum which delays the build-up of a discernable
immune aggregate.

Anti-H antibody which react with detached

flagella in solution fail to produce a visible agglutination
reaction on the slide test.

An anti-H coagglutination assay was developed by Simonson
and Siebeling in 1986.

Staphylococcus aureus Crowan I cells

were armed with anti-H antibody produced in rabbits immunized
with flagellar core protein prepared from Vibrio species.
reagent was

assessed

for

identify vibrio species.

its

capacity

to

agglutinate

This
and

Since the antibody is particulate, one

not only can detect flagella attached to the cell body but this
reagent

will

also

agglutinate

detached

flagella.

The

agglutination reaction was visible in one to three minutes.
Anti-H

coagglutination

proved

to

be

rapid,

serologically-

specific, and is an inexpensive procedure for identifying Vibrio
species

one

step

beyound

primary

isolation

(Simonson

Siebeling, 1986; 1988).
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and

Vibrio anguillarum not only expresses species specific
flagella H antigen determinants( Bhattacharyya 1975, Tassin et
al., 1983), but also exhibits H antigen determinants in common
with other Vibrio species such as V. cholerae, V. mimicus, V.
metschnikovii and V. ordalii.

When polyclonal anti-H rabbit

serum was used to prepare species specific diagnostic reagents,
the serum had to be absorbed to remove antibody reactive to
shared determinants.
the production

of

In 1988, Simonson and Siebeling reported
anti-7,

cholerae

and

anti-7,

species specific H monoclonal antibody (MAb).

vulnificus

Coagglutination

reagents were made by coating Staphylococcus aureus cells or
latex

beads

with

species-specific

MAb

identifying the clinical or environmental

and

evaluated

isolates.

by

These

findings gave impetus to the investigation reported herein.

The objectives of this investigation were to produce and
utilize species-specific anti-H monoclonal antibody to prepare
H coagglutination reagent, to identify the Vibrio fish pathogens
in a rapid, reliable, discernible fashion with one or two steps
beyond primary isolation.

Moreover, a goal of this study was to

assess the specificity of monoclonal antibody for H determinants
on 7. anguillarum and 7. ordalii.
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MATERIALS AMD METHODS

Bacterial

Strains.

Bacterial

strains

used

to

generate

monoclonal antibodies were Vibrio anguillarum ATCC 19264
(American Type Culture Collection, Rockville, Md.), Vibrio
anguillaum 6018/1
Hygiene

(Kindly sent by J.L. Larsen,

Institute of

and Microbiology, The Roy Veterinary and Agricultural

University, DK-1870 Copenhagen V.,Denmark) and Vibrio ordalii
ATCC 33509. Additional Vibrio strains used in this study are
listed on Tables la and lb showing the origin, and source of the
strains.

Cultivation.

Vibrio isolates were cultivated on alkaline

peptone (AP) agar pH 7.8 (1% peptone, 0.2% yeast extract, 2%
NaCl and 1.5% agar) for 24-48 h at 30°C,

Vibrio ordalii strains

were incubated at room temperture for 3-5 days.

Vibrio isolates

were stored at room temperature in the dark on maintenance
medium, which consisted of 1.6%

(wt/vol) GI Motility Medium

(Difco Laboratories, Detroit, Mich.), which consisted of 1.0%
tryptose, 2.25% NaCl and 0.5% agar. Each isolate was transferred
to a fresh maintenance medium deep at monthly intervals. Each
isolate was subcultured on Thiosulfate-Citrate-Bile-Salt (TCBS)
agar (Difco) every six months.

Preparation of flagellar core protein. Flagellar core proteins
were purified from motile strains of Vibrio species by the
29
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Table la. Vibrio anguillarum and Vibrio ordalii strains used
in serological assays throught this study.
Strain
V. anguillarum
ATCC 19264

Isolated from:

Source

Gadus morhua

ATCC8

8-13

Chinook Salmon
Walport, Oregon.

G.L. Bullochb

8-14

Coho Salmon
Port Ealter, Ak.

G.L. Bulloch

Salmon
Pacific, N.W.

G.L. Bulloch

Fish (unknown)
Chesapeake Bay

G.L. Bulloch

Fish (unknown)
Chesapeake Bay

G.L. Bulloch

Atlantic Salmon
Nova Scotia

G.L. Bulloch

Milk Fish
Taiwan

G.L. Bulloch

Ayu
Japan

G.L. Bulloch

Salmon
Unknown

G.L. Bulloch

6018/1

salmon gairdneri

J.L. Larsen0

1173/1

Gadus morhua

J.L. Larsen

6062 A

Salmon gairdneri

J.L. Larsen

1356/1

Gadus morhua

J.L. Larsen

1384/1

Gadus morhua

J.L. Larsen

1406/1

Gadus morhua

J.L. Larsen

8-30
8-37
8-42
8-46
8-48
8-50
LS—174
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Table la. (continued).

Strain

Isolated from:

Source

V. anguillarum
6192/3

Salmon gairdneri

J.L. Larsen

1733/2

Gadus morhua

J.L. Larsen

1247/1

Gadus morhua

J.L. Larsen

1347/1

Gadus morhua

J.L. Larsen

N-946

eel
Norway

860306—LI

Chanos chanos

Y. Songd

NIE 275

Chanos chanos

Y . Song

811218-5W

Pone water

Y. Song

Onchorhynchus
Kisutsch

ATCC

V. ordalii
ATCC 33509
8-31

Coho Salmon
Marine Sci. Ctr.,
New Port, Oregon.

1669

Salmon
Oregon.

G.L. Bulloch

Onchrhynchus kisutsch

G.L. Bulloch

MSC-275

G.L. Bulloch

a: ATCC, American Type Culture Collection, Rockville, Md.
b: G.L. Bulloch, National Fisherie Laboratories, Kearneysville,
W.Va.
c: J.L. Larsen, Royal Veterinary and Agriculture University,
Copenhagen, Denmark
d: Y. Song, National Taiwan Univ., Taipei, Taiwan, ROC
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Table lb. Heterologous Vibrio species used in this study.
Vibrio species

Strain number

V. alginolyticuc

ATCC8 33787

V. carachariae

ATCC 35084

V. cholerae 01

ATCC 14035

V. damsel a

ATCC 35083

V. fluvialis

ATCC 33810

V. metschnikovii

ATCC 7708

V. mimicus

ATCC 33653

V. parahaemolyticus

ATCC 10136

V. vulnificus bio I

ATCC 27562

V. vulnificus bio II

ATCC 33147

®. ATCC=American Type Culture Collection, 12301 Parkland
Drive, Rockville, Maryland
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method decribed by Yang et al. ( 1977) . A motile isolate of each
Vibrio strain was selected, before culture expansion, from GI
Motility Medium.

Each motile strain was inoculated into 5 ml

of alkaline peptone broth, incubated at 30°C for 18 hr.
was prepared from the broth culture, stained,

A smear

and examined for

Gram reaction and morphology. The motile Vibrio isolates were
swabbed onto

alkaline peptone agar,

harvested in 20 ml of 0.15 M NaCl.

incubated at

30°C and

The flagella were sheared

from the cell body in a Sorval Omnimixer at the high-speed
setting

for

1

min.

Cellular

debris

was

removed

by

centrifugation at 5000 rpm in SS-34 rotor (Du Pont instrument,
Sorval RC-5B.)

for 10 min and 10,000 rpm for 20 min.

The

supernatant fluid which contained the flagella was removed and
sedimented at 28,000 rpm for 1 hr in a SW 28 rotor ( Beckman
instrument, Inc.).

The flagellar pellet was suspended

of 2% NaCl, 10 mM MgCl2 solution.

in 1 ml

Five hundred ul of crude

flagella suspension was mixed with 10 volumes of buffer which
contained 10 mM Tris. HC1, 5 mM EDTA, and 1% Triton X-100 (Sigma
Chemical Co., pH 7.8; which abbrerated as TET buffer)
incubated at ambiant temperature for 20 min.
of Tris-EDTA

and

Next, five volumes

(TE) buffer, was added and the flagellar core

protein was sedimented at 28,000 rpm for 2 hr.

The crude

flagellar coreprotein pellet was resuspended in 5 ml TE buffer
with 0.1% Triton X-100 and sedimented at 35,000 rpm (rotor ty
65, Beckman instrument) for 2 hr.

The pelleted flagella were

dissolved in a small quantity of either TE buffer or 0.067 M
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phosphate buffer 0.15 M saline pH 7.2 (PBS) and examined by
electron microscope to verify that flagellar cores, free of
sheath material, were present.

Formalized whole cell vaccine.

Vibrio ancruillarum 6018/1,

Vibrio anguillarum ATCC 19264 or Vibrio ordalii ATCC 33509
strains were selected as the vaccine strain for production of
anti-flagella monoclonal antibody.

The motile cells of each

vaccine strain were grown on alkaline peptone agar slants at
30°C for 24 hr.

The cells were harvested and suspended in 0.5%

formaldehyde-PBS

(F-PBS),

temperature for 24 hr.

pH

7.2

and

incubated

at

room

One loopful of each cell suspension was

inoculated in Trypticase Soy broth with 2% NaCl and incubated at
30°C for 24 hr.
cells/ml

in

Formalin-killed cells were standardized to 109

sterile-PBS

to

380

units

in

Klett-Summerson

colorimeter at 540 nm.

Immunization.

Female Balb/c mice, 6 to 8 weeks of age were

immunized by intraperitonea1 injection with the formalized
vaccine preparations.

The immunization schedule was as follow:

week 1, injected 0.1 ml; week 2, 0.2ml; week 3, 0.5 ml; week 4
1.0 ml.

The mice were inoculated twice a week.

One week

following the last injection the mice were bled by the ocular
method.

Serum harvested from retracted blood was tested by

anti-H flocculation to determine titers.
boosted with 2.0 ml of vaccine.

The mice then were

Three to four days later the
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mice were exsanguinated

H-antjqen flocculation.

and then spleens were removed.

Anti-H antibody levels in immunized

mice serum were tested serologically by the tube flocculation
method of Bhattacharyya (1977). Anti-H serum was diluted 2-fold
in PBS starting with a 1:10 dilution in 1.0 ml in PBS.

Next,

0.1 ml of standardized Vibrio cell suspension was added to each
serum dilution.

The cell suspension was preserved in 0.5%

formalized PBS (pH 7.2)
109 cells/ml in PBS.

and standardized to a concentration of

The anti-serum cell mixture was incubated

at 51°C for 2 hrs.. Titer was reported as the reciprocal of the
highest dilution of serum producing visible H-flocculation.

Fusion

and

clone

selection.

Hybridomas were

according to the protocol of Oi and Herzenberg

estabished
(1980)

and

Schreier et al. (1980), as modified by Adams (1987).

Maintaining myeloma cell line. Eight-azaguanine-resistant,
immunoglobulin negative sp2/0-Ag 14 myeloma cells (Shulman et
al., 1978) were cultured in RPMI 1640 medium ( Gibco
Laboratories, Life Technologies Inc., Grand Island, N.Y.)
supplemented with (wt/vol) 0.2% sodium bicarbonate, 100 units/
ml penicillin, 66 ug/ml streptomycin (Sigma Chemical Company,
St. Louis, Mo.), 1% non-essential amino acids (Flow Laboratory,
McLean, Va.) and 15% Fetal Bovine Serum (GIBCO) (growth medium)
in a humidified 5% C02-in-air atmosphere at 37°C.

The cells
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cultured in T flask (Corning) were grown to a density of 2-5 X
10s cells/ml and transffered to fresh medium.

Preparation of sp 2/0 mveloma cell for fusion.

Approximately

6 X 107 sp 2/0 cells in log-phase growth (about 105 cells/ml)
were used in the fusion step.

Four days prior to fusion, 200 ml

of cultured medium was seeded with sp 2/0 cells and incubated at
37° C in 5% C02.

Just prior to fusion, the myeloma cells were

pelleted at 200 X g for 10 min and washed twice with 30 ml
calcium and magnesium free Hank's balanced salt solution (CMFHBSS) (0.4 g/1 KC1,
NaHCOj, pH 7.0 ).

0.06 g/1 KHP04, 8.0 g/1 glucose, 0.35 g/1

The washed myeloma cells were resuspended in

30 ml of serum-free culture medium and counted.

Spleen cells.

Three to four days following the vaccine boost,

the immune spleen was removed under sterile conditions and
placed 10 ml CMF-HBSS in a Petri dish.

The CMF-HBSS was

decanted after 5 min, and the spleen was washed two times more.
Next, the spleen was cut into fragments and minced through a
metal net to obtain a fine suspension.

The cell suspension was

decanted into a 15 ml conical centrifuge tube.

The Petri dish

was rinsed one time with 5 ml CMF-HBSS and added to the cell
suspension.

The spleen cells were pelleted at 200 X g for 10

min, washed two times with 15 ml CMF-HBSS, resuspended in 10 ml
serum-free growth medium,

and counted.

One spleen yielded

approximately 1 X 108 cells.
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Feeder layer.

Mouse thymocytes were used for the feeder layer

to support hybridoma growth.

Male, Balb/c mice aged 3 to 4

weeks, were killed by C02 asphyxiation and their thymuses were
removed ( Adams, 1987).

The thymus was placed in a Petri dish

containing 15 ml CMF-HBSS and the thymus capsule was dissociated
with forceps to free thymocytes in the CMF-HOSS.

The thymocyte

cell suspension was sedimented at 200 X g for 10 min, and the
thymocyte pellet was washed two times with 10 ml CMF-HBSS and
then the cells were resuspended to 1-2 X 106 cells/ml in culture
medium.

The thymocyte suspension was distributed to each well

of a 96 well tissue culture plate ( Corning Laboratory Sciences
Co., Corning, N.Y.) in aliquotes of 0.1 ml of 106 cells/ml per
well.

The thymocytes were incubated at 37°C in an atmosphere of

5% C02 in air.

Fusion of myeloma cells with spleen cells.

Myeloma cells and

washed spleen cells were mixed together at 1.6 X 107 myeloma
cells and 1.5 X 108 immune spleen cells in a 50 ml centrifuge
tube and the mixture was sedimented at 200 X g for 10 min at
room temperature to form a tight pellet.

The supernatant fluid

was removed and pellets were incubated at 37°C .
warmed 50 % polyethylene glycol, M.W.

One ml of

1500, in 75 mM HEPES

buffer (Boehringer Mannheim Biochemicals, Indianapolis, Ind. )
was

added

stirring.

dropwise

over

a

one-minute

period

with

gentle

The cells were stirred for an additional minute, and
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then 10 ml growth medium was added, dropwise, with stirring,
over 4 min.

The cell suspension was centrifuged at 200 X g for 10 min
at room temperature.

The cell pellet was resuspended in growth

medium to give 7 X 106 spleen cells/ml and then 0.1 ml was
delivered to each well

of the tissue culture plate which

contained the thymocyte feeder layer.

The plates were incubated

at 37°C in an atmosphere of 5% C02 in air.

Twenty-four hour

following the fusion, medium was changed to a selective
medium which contained growth medium supplemented with 0.1

bH

hypoxanthine (Sigma), 4 X 10'4 mM aminopterin (Sigma), and 1.6
X 10'2 mM thymidine (Sigma) (HAT selective medium) (Littlefield,
1964).
cells

After 5 days in HAT medium, with daily changes, the
were

incubated

in

growth

medium

supplemented

with

hypoxanthine and thymidine ( HT medium). The cultures were fed
HT medium every other day.

Two weeks after fusion, the supernatant fluid from each
well containing hybridomas was tested for antibody activity for
MAb specific for Vibrio anguillarum and Vibrio ordalii flagella
antigens.

Detection of antibodies. Antibody production and serological
reactivity measured by ELISA (Douillard and Hoffman, 1983), was
performed in 96-well Imulon II Cooke Microtiter plates (Dynatch,
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Alexandria, Va.)•

Antigen coating.

Each well was coated with 50 ul of flagella

core protein antigen at a concentration of 100 ul/ml in coupling
buffer

(0.16% Na2C03, 0.29% NaHCOj,

0.09% NaN3 pH 9.6)

and

incubated at 4°C for a period of at least 8 hr. Antigen-coated
plates were filled with 0.2 ml of blocking buffer(0.067 M PBS,
0.1% NaN3, 1% BSA, pH 7.2). and incubated at 4°C for 1 hr to
block the remaining electrostatic sites in the polystyrene
wells.

The buffer was removed, and the plates were allowed to

dry brisk immersion on tissue paper.

Immune reaction
into wells.

50 ul of the supernatant fluid was dispensed

House anti-serum served as the positive control.

Negative controls were prepared by the addition of tissue
culture fluid or PBS to each well.
for 1 hr at room temperature.
solution ( 0.067 M PBS,

The plates were incubated

Following incubation, a washing

1.5 mM Magnesium chloride,

2 mM 2

mercaptoethanol, 0.1% BSA) was added to each well and incubated
for 5-min and then removed.

The wash steps were repeated four

times.

Enzyme

reaction.

Fifty

ul

of

Goat-anti-mouse

alkaline

phosphatase antibody conjugate, diluted 1:200 in washing
solution, was dispensed to each well and incubated for 1 hr at
room temperature.

Following four washes, 200 ul of 1 mg/ml
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(w/v) of p-Nitrophenyl phosphate in diethanolamine buffer (97
ml/L of diethanolamine, 0.2 g/L of sodium azide, 100 mg/L of
magnesium

chloride,

pH 9.6)

was

added.

The

plates were

incubated at 37°C in the dark for a period no longer than 30 to
40 min.

The enzyme-substrate reaction was

addition of 50 ul/well of 3 N NaOH.
405 nm in an ELISA reader.

stopped by the

Absorbance was measured at

An optical density value of 0.2

above background, was considered positive.

Cloning bv limiting dilution.

Antibody producing hybridomas

were suspended in celluar medium and transferred to 24 well
plates which contained a thymocyte feeder layer and HT medium.
After two to three days, the cells were fed 0.5 ml of HT
medium.

After one week, the supernatant fluids were retested

for
antibody activity.

If the culture continued to produce desired

antibody activity, the cell lines were cloned.
were established 24 hr prior to cloning.
identified by ELISA were removed and counted.

Feeder cells

Hybridoma cells
Thirty cells/ml

in growth medium were prepared and added in 0.1-ml aliquots into
96 wells plates.

The remaining cells were diluted to 20

cells/ml and plated and repeated with a further two 2 rows of
the plate.

The plates were incubated for 2-3 weeks with fed

twice a week until visible clones appear.

Assay, selecting and

recloning were performed 2-3 times.
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Antibody production.
(1) .

In

vitro.

Hybridomas

were

expanded

in

vitro

by

transferring the cells to 24-well plate ( Corning), then to a
25-cm2 flask and finally a 175-cm2 flasks.
maintained at 105 and 106

The cell density was

cells/ml in HT medium, without a

thymocyte feeder layer. One mililiter cell suspension was placed
into 25-cm2 T flasks containing 10 ml of HT medium, 4-5 days
later, 10 ml of culture were transfer to 175-cm2 flasks and mixed
with 50 ml of HT medium. Every other day, an equal volume of
medium was added until total of 200-300 ml volume.
grown to exhaustion and discarded.

Cells were

The supernatant fluid was

retained and stored at -20°C.

(2)In vivo.

The Balb/c mice were primed by an intraperitoneal

injection of 0.5 ml pristane ( 2.4.10.14-tetramethylpentadecane)
(Sigma) and 10 days before intraperitoneal inoculation with 107
to 108 hybridoma cells/mouse (Hoogenrad, 1983).

The cloned

hybridoma cells were resuspended in growth medium to give 107 to
108 cells/ml.

One mililiter of the cell suspension was injected

intrapentoneally in the pristane-primed mice .
production occurred

in 1-4 weeks.

Ascites fluid

The ascites

fluid was

collected into a tube by insertion of an 18 or 20 gauge needle
into the perritoneal cavity.

The fluid was separated from the

tumor cells by centrifugation at 200 X g for 10 min and the
supernatant fluid was collected and stored at -20°C.
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Storage of hvbridoma cells

Hybridoma cells suspended in were

frozen with liquid nitrogen and stored at -196°C.

Sixty ml of

a growing hybridoma cell culture which contained approximately
1 X 107 cells were sedimented at 200 X g for 10 min.
were resuspended

The cells

in 6 ml of medium supplemented with

dimethyl sulfoxide (DMSO) ,20% FBS, and 70% growth medium.

10%
One

mililiter was added to a 1.8 ml vial ( Nalge, A Division of
Sybron Corporation, Rochester, N.Y.) and the vials were placed
into the gas phase of a liquid nitrogen freezer and then
tranfered to a liquid nitrogen freezer after 1 hr.
frozen cells were thawed in a 37°C water bath.

When needed,

One mililiter of

HT medium was added within one minute after cells had thawed.
The cells were suspended and HT medium was added to total volume
of

10 ml.

The cells were sedimented and the pellet was

resuspended in 10 ml HT medium and transfered to 25-cm2 T flask
and incubated . Five days later the culture supernatant fluids
were tested by ELISA and cloned.

Concentration of antibody.

The Ig fraction in the supernatant

fluid of hybridoma cells were precipitated with ammonium sulfate
at 50% saturation (Schreier et al., 1980), (Good, et al., 1980).
Two hundred ml of culture supernatant fluid was cooled to 4°C.
An equal volume of saturated ammonium sulfate solution (pH 7.0,
at 4°C) was added dropwise, with stirring, over a period of
several minutes.
was added to

For ascites fluid, four parts of chilled PBS

1 part ascites fluid before the addition of
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ammonium sulfate.
60 min.

The mixture was incubated in an ice bath for

The precipitate was centrifuged at 5000 X g for 20 min,

and the pellet was dissolved in 15 to 20 ml of 20 mM Tris HC140 mM NaCl, PH 7.8-7.9 and dialyzed against 2 to 3 changes of
0.067 M PBS pH 7.2.

The fluid was sedimented at 15,000 X g for

10 min to removed denatured protein and stored at -20°C.

Isotvping antibody.

The antibody class for each MAb was

determined by use of class specific antibody in ELISA ( HyClone
Sub-Isotyping Kit, Hyclone Laboratories, Salt Lake City, U.T.)
or by Ouchterlony assay ( The Binding Site LTD, University of
Birmingham, Research Institute, Birmingham, U.K)

Purification of igG antibody.

Monoclonal antibodies

of IgG isotype were purified on a Protein-A Sepharose CL-4B
column (Sigma) by the method of Ey et al. (1978).

Fractrmated

culture fluid was adjusted to pH 8.0 by addition of 1 N NaOH,
with stirring, and then applied to the protein A column.

The

column was washed with 0.1 M phosphate buffer, pH 8.0.

The

antibody protein was eluted from the column by applying 0.1 M
citrate buffer, pH 4.0 to the column.

The IgG fraction eluted from the column was dialyzed
against 0.067 M PBS-Azide at 4°C and stored at -20°C.
was washed with 50 ml of 0.1 M PBS, pH 8.0.

The column

Fractionated

ascites fluid was mixed with 0.5 M, pH 8.0, phosphate buffer at
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ratio 4 to 1 and then applied to the column.

The elution steps

were done at room temperature.

Purification of IaM.

Immunoglobulins of the Ig M isotype were

purified by elution from an anti-mouse IgM ( u-chain specific)Agarose column (Sigma). The column matrix was equilibrated with
0.01 M sodium phosphate buffer, pH 7.2, containing 0.5 M sodium
chloride (PS). The fractionated tissue culture fluid or ascites
fluid (1/5 diluted in 0.5 M PBS) was applied slowly followed by
a PBS wash.

The IgM antibody was eluted from the column matrix

with 0.5 M acetic acid, 0.15 M NaCl, pH 2.4.
containing fractions were collected,

The protein

pooled and brought to

neutral pH by dialyzing against PBS overnight at 4°C. The column
was reequilibrated in 0.01 M PBS.

Protein content.

The protein content of flagella core

preparations was measured by the method of Lowry et al. (1951)
or Bicinchoninic acid (BCA) protein assay (Pierce Labotories) .
The protein concentration of monoclonal antibody fractions were
calculated from AZ80 values with the absorbance constants from
immunoglobulin G (Ig G)

(1.4) and Ig M

(1.25) respectively

(Hardy, 1986).

Anti-H coaqglutination reagents.

Antibody sensitized

Staphylococcus aureus cells (Cowan I strain ATCC 12598) were
prepared by the method Farmer and Tilton (1980).
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Staphylococcus. aureus CowanI cells pelleted from an 18 hr
tryptic soy broth culture were washed three times in PBS and
fixed in 0.3 % formalin-PBS for 3 hr at room temperature. The
cell pellet was

resuspended

in PBS to give

suspension (V/V), and heated to 80°C for 1 hr.

a

10 % cell

One volume of

purified IgG monoclonal antibody was mixed with one volume of 10
% S. aureus suspension and incubated overnight at 4°C.

The IgG

sensitized Staphylococcus cells were diluted with five volumes
of PBS-Azide (0.02 %) and pelleted.

The armed anti-H cells were

resuspended in PBS-Az and stored at 4°C.

Latex particles (3-micron) (Sigma) were prepared by the method
of Simonson and Siebeling (1988).

Latex beads were mixed with

9 volumes of glycine buffered saline (GBS, 0.097 M glycine,
0.171 M NaCl, pH 8.2),

centrifuged at 2000 X G for 30 min and

then resuspended in 10 volumes of GBS.
repeated two additional times.

The wash steps were

A 1:200 dilution of the latex

bead suspension was prepared and the absorbance was measured at
650 nm in a spectrophotometer ( Spectronic 20, Milton Roy Co.).
The latex bead suspension was adjusted to 0.28+0.02 units.
Sodium

azide

was

added

(0.1

%)

to

prevent

microbial

contamination and the suspension was stored at 4°C until used.
Sensitized latex beads were mixed with antibody preparations at
a 1 to 1 ratio and incubated at 37°C for 2 hr.
centrifuged at 1500 X g for 10 min.

The mixture was

The pellet was resuspended
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in one volume of GBS with 0.1 % BSA.

The latex reagent was kept

at 4°C overnight before it was tested.

Latex beads were coated with anti-H MAb by mixing one
volume

of

antibody

with

one

incubating at 37°C for 2 hr.

volume

of

washed

beads

and

The mixture was centrifuged at

1500 X g for 10 min.

The beads were suspended in one volume of

GBS with 0.1 % BSA.

The latex reagent was incubated at 4°C

overnight before it was tested.

Coagglutination. Twenty-four hr alkaline peptone slant cultures
of each Vibrio

isolate to be tested were harvested in 1 to 2 ml

of 0.1 M Tris buffer (pH 7.8) containing 0.1 mM EDTA, 0.001
thimerosal, 1% Triton X-100 (TET).

The TET cell suspensions

were held at 4°C for 24 hr before they were tested.

The slide coagglutination test was done by depositing one
drop of the anti-H coagglutination reagent onto a glass slide
next to a drop of the test organism.

The drops were mixed with

a wooden applicator stick and the slide was tilted from side to
side over a 3 min period.

The coagglutination reaction was

reported as: +++ for visible agglutination within 1 min; ++
reaction within 2 min; and + reaction within 3 min.

If no

discernable reaction occurred within three minutes the test was
scored as negative.
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Results and discussion

Monoclonal antibodies have proved to be highly specific for
defining and detecting antigenic epitopes on the bacterial
surface.

In this study, the focus was on the production of

anti-H species specific monoclonal antibody.

The MAb were

utilized in the preparation of a serological reagent which would
permit bypassing the costly and time-consuming bacteriological
approach to identify Vibrio fish pathogens one step beyond
primary isolation.

Before fusion experiments were performed, blood from mice
immunized
collected.
tests.

with

formalin-killed

whole

cell

vaccines

was

The immune serum was tested by H tube agglutination

Following four weeks of immunization, the anti-H titers

reached 80 to 320.

Spleen cells were harvested from mice and

fused with SP 2/O-Ag 14 myeloma cells.

Four fusion experiments

were done to select anti-H secreting hybridomas.

Six hybridoma cell lines (Table 2) were selected and cloned
which gave an anti-flagellar core protein ELISA reading of 0.8
to 1.3.

Each hybridoma was cloned through two to three limiting

dilutions.
47
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Table 2.

Isotype of monoclonal antibodies reactive against
flagellar core protein of V. anguillarum and V.
ordalii

Vaccine strain
V. anguillarum
6018/1
(D01a)
ATCC 19264
(D02)
V. ordalii
ATCC 33509
(D02)

Clone designation

Ig Isotype

1E9
1D7

IgM
IgM

2D2
3H11

IgG2a
IgG2a

4.7
4.8

IgG2a
IgG2a

a: Danish 0 serotyping system.
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Cell lines, 1E9 and 1D7 (Table 2) were generated from a
fusion of spleen cells harvested from mice immunized with V.
anguillarum 6018/1 vaccine and boosted with 200 ug purified
flagellar core protein.

A second fusion, using spleen cells

harvested from mice immunized with repeated injections of V.
anguillarum ATCC 19264 vaccine, yielded two active clones, 202
and 3H11, which secreted MAbs against homologous flagellar core
(FC) protein when examined by ELISA. Clones, 4.7 and 4.8 were
obtained from a fusion performed with spleen cells collected
from mice immunized with V . ordalii ATCC 33509 strain.

Isotype analysis of supernatants from cloned hybridomas
revealed that two produced IgM
2).

These

MAbs

were

and four produced IgG2a (Table

concentrated

by

ammonium

fractionation and purified by affinity columns.

sulfate

The protein

content of each MAb solution was standardized to 100 ug/ml
(Sciortino et al.,

1985) before determining the serological

reactivity and specificity of each.

Table 3 shows ELISA reactions that each of the six MAbs gave
when tested against flagellar core antigens prepared from 10
Vibrio anguillarum O-serotypes.

The 10 O serotypes, designated

D01 through D010 (Denmark 0 group 1 through 10) was sent to us
by Larsen . Two anti-V.ordalii H MAbs not only reacted with FG
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Table 3.

Serological reactivity of six anti-H MAbs examined by
ELISA8, with flagellar core proteins prepared from 10
O-serogroups of V. anguillarum and V. ordalii
strains (Larsen 0-scheme).

MAbsb produce from fusion of
V. anguillarum
Flagellar
core
protein

0-group0

2D2

1E9

1D7

V. ordalii

3H11

4.8

4.7

V. anguillrum
5018/1
1173/1
6062/A
1356/1
1384/1
1406/1
6192/3
1733/2
1247/1
1347/1
ATCC

D01
D02
D03
D04
D05
D06
D07
D08
D09
D010
D02

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

+
0
0
++
+++
0
+
+++
+++
+++
++

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

D02

+++

+++

+++

+++

+++

+++

V. ordalii
ATCC

a: ELISA reaction were read at 405 nm and scored to indicate
an absorbance of >1. 0 (+++) , 0.5 to 1.0 (++) / 0.2 to 0.5
(+), and 0.1 or less (0).
b: Affinity purified monoclonal antibodies at concentration of
100 ul/ml, 50 ul was added in each ELISA well.
c: Denmark 0 serotype.
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of V. ordalii strains but also reacted with FC of each of the 10
V. anguillarum 0 serotypes.

Three of anti-V. anguillarum, H

MAbs reacted with the flagellar core protein Vibrio ordalii ATCC
stain in addition to the FC of all same species.

MAb secreted

by clone 3H11 showed an inconsistent ELISA pattern.

It did not

react with FC prepared from V. anguillarum 1173/1 (D02), 6062/A
(D03), or 1406/1 (D06).

The serological reactivity and species-specificity for each
MAb was tested by ELISA (Table 4) against the FC prepared from
eight heterologous Vibrio species either reported to be fish
pathogens or to share minor H antigen determinants with V.
anguillarum.

Anti-V. ordalii H MAbs from clones 4.7 and 4.8

reacted with the F.C. of V. anguillarum and V. ordalii only and
both

produced

elevated

proteins prepared from
(Table 4).

titers

against

the

flagellar

core

either V. anguillarum or V. ordalii

These findings supported the finding of Baez (1987,

M.S. thesis) that these two Vibrio fish pathogens express H
determinants that are serologically similiar if not identical.

MAbs 4.7 and 4.8 may react with different species specific
epitopes on the species specific H determinant expressed on V.
anguillarum and V. ordalii flagella,

or they may react with the

same epitope but with different affinity.

MAbs from clone 1D7

reacted with FC protein of V. fluvialis in addition to the FC of
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Table 4.

H-antigen relationships among Vibrio fish pathogens, examined by ELISA with
anti-V. anguillarum and anti-V. ordalii H Monoclonal antibodies (MAb).

Anti H MAbs Titersb
Anti-V. anguillarum clone no.

Anti-V. ordalii clone no.

Flagellar coresa,c
prepared from

2D2

3H11

1E9

1D7

V. anguillarum
V. ordalii

160
80

40
0

320
40

160
10

1280
1280

5120
5120

V. aloinolvticus
V. Darahemolvticus
V. damsela

20
10
20

0
0
0

20
20
10

0
0
0

0
0
0

0
0
0

V. cholerae
V. mimicus

10
10

0
0

20
20

0
0

0
0

0
0

V. vulnificus
V. metschnikovii
V. fluvialis

10
10
0

0
0
0

10
20
320

0
0
80

0
0
0

0
0
0

4.7

4.8

a : 5 ug protein was added to wells .
b : Dilution of MAb which gave A405 reading of 0.2 or greater, starting with 5 ug MAb
in well,
c : ATCC strains.

Ln
to

I
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the

homologous

antibody

vaccine

produced

strain

by hybridoma

and

V.ordalii.

cell

line

Monoclonal

3H11

showed

serological activity to V. anguillarum exclusively.

low

This MAb

might not have H serotyping value in that it reacts with V.
anguillarum, but not V. ordalii.
2D2,

Anti-V. anguillarum H MAb,

reacted with all FC preparations

fluvialis.

It

showed

higher titer

anguillarum and V. ordalii.

(Table 4)

when

except V.

reacted

with V.

MAb 1E9 exhibited the same broad

reactivity as 2D2 except it also reacted with V. fluvialis. No
anti-V. anguillarum species-specific H MAb clones were obtained
from fusion in which spleen-donor mice were immunized with V.
anguillarum strains.

The serological activity and species-specificity exhibited
by H MAbs 4.7 and 4.8 specific H MAbs made each a good candidate
for using in H-coagglutination.

The purpose of this study was to assess the utility of
anti-V.

anguillarum

and

V.

ordalii

specific

H

monoclonal

antibodies in the coagglutination test for identification of
Vibrio fish pathogens.

Anti-V. ordalii MAbs 4.7 and 4.8 were

selected by flagellar core protein ELISA and affinity purified.
Each MAb, (400 ug/ml), was armed onto the Staphylococcus aureus
cells.

Each coagglutination reagent was tested against TET cell

suspensions of Vibrio anguillarum and V. ordalii.

Table 5 shows
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Table 5:

Coagglutination patterns for two affinity purified
anti-V. ordalii flagella monoclonal antibodies.
Antibodies eluted from protein-A Sepharose armed
with 10% S. aureus.

Agglutination reaction6 for anti-H MAb
Isolates8

4.8

4.7

V. anguillarum
8-13
8-14
8-30
8-37
8-42
8-46
8-47
8-48
8-49
8-50
LS-174
ATCC
N—946

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

V.ordalii
ATCC
8-31
1669
MSC-275

+++
++
++
++

+++
++
++
++

a. Tested antigens were whole cells suspended in 1% TET
buffer.
b. Agglutination reactions were examined and scored to
indicate agglutination in first minute (+++), second
minute (++), and third minute (+). (0) indicate the
reaction occured beyond 3 minute frame or no reaction.
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that

coagglutination reagents

armed with

MAb

4.7

and 4.8

agglutinated V. anguillarum and V. ordalii isolates recovered
from diseased

fish over the past

18 years

from different

geographical locations (identified on Table 1).

Each of the 13

V. anguillarum isolates agglutinated within 1 minute following
addition of S. aureus armed with anti-V. ordalii H MAb.

V.

ordalii ATCC strain agglutinated in 1 minute; V. ordalii 8-31,
1669 and MSC-2-75 displayed agglutination reaction in 2 minutes.

Table 6 a, b, c, and d show the serological reactivity and
specificity

of

anti-V.

ordalii

coagglutination reactions.

H

MAbs

examined

by

slide

Each reagent agglutinates all V.

anguillarum isolates recovered from diseased fish or marine
environment in the U.S.A. (Table 5), Denmark (Table 6a), Taiwan
(Table 6b), Japan (Table 6c), and Norway (Table 5, N-946)
independent of the 0 serotypes, in 1 to 2 minutes.

,

Two isolates

obtained from Japan auto-agglutinated in the control reagent
(Table 6c).

Table 6d identifies Vibrio Spp previously reported to be
fish

pathogens:

V.

parahaemolyticus,

V.

carchariam,

V.

vulnificus biogroup 1 and 2, V. alginolyticus and V. damsela
(Colwell and Grimes, 1984).
by

the

two

coagglutination

None of these vibrios agglutinated
reagents,

Vibrio

cholerae,

V.

mimicus, V. fluvialis, and V. metschnikovii have been reported
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Table 6a. Serological reactivity of anti-V. ordalii H MAbs
examined by coagglutination reaction®. Anti-H
coagglutination reagent6 tested against 10 V.
anguillarum O-serotypes obtained from Denmark.

Agglutination reaction of MAbs
produced by clones
Isolates®
V. anguillarum
6018/1
1173/1
6062A
1356/1
1384/1
1406/1
6192/3
1733/2
1247/1
1347/1
®.

0-groupd

D01
D02
D03
D04
D05
D06
D07
D08
D09
D010

4.7

+++
+++
+++
+++
+++
+++
+++
++
+++
+++

4.8

+++
+++
+++
+++
+++
+++
+++
++
+++
+++

Agglutination reactions were scored as agglutination
within 1 min (++), within 2 min (++), within 3 min (+),
(0), no agglutination abserved in 3 min.

b. Affinity purified anti-H MAbs armed with S. aureus cells.
c. Cells were suspended in 1% TET buffer for 24 hour before
testing.
d. Denmark O-serotypes (Larsen, 1986).
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Table 6b. Serological reactivity of anti-V. ordalii H MAbs
examined by coagglutination reaction*. Anti-H
coagglutination reagentb tested against V. anguillarum
isolated from Taiwan.

Agglutination reaction of MAbs
produced by clones

V . anguillarum
860306-L1
N1E 275
811218-5W

*.

0-groupd

T-O-III
T-O-I
T-O-V

4.7

+++
+++
+++

CO
•

Isolates0

+++
+++
+++

Agglutination reactions were scored as agglutination
within 1 min (++), within 2 min (++), within 3 min (+),
(0), no agglutination abserved in 3 min.

b. Affinity purified anti-H MAbs armed with S. aureus cells.
c.

Cells were suspended in 1% TET buffer for 24 hour before
testing.

d. Taiwan O-serotypes (Song, 1988).
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Table 6c. Serological reactivity of anti-V. ordalii H MAbs
examined by coagglutination reaction8. Anti-H
coagglutination reagentb tested against V. anguillarum
isolated from Japan.

Agglutination reaction of MAbs
produced by clones
Isolates0
V. anguillarum
PT-24
PT-493
PF—213
PB-15
PB-28
ET-1
PT-80-187
PT-80-818
PT-80-641

0-groupd

A
B
C
D
E
F
G
H
I

4.7

4.8

+++
+++
+++
+++
++

+++
+++
+++
+++
+++

+++
+++

+++
+++

8. Agglutination reactions were scored as agglutination
within 1 min (++), within 2 min (++), within 3 min (+),
(0), no agglutination abserved in 3 min.
b. Affinity purified anti-H MAbs armed with S. aureus cells.
°.

Cells were suspended in 1% TET buffer for 24 hour before
testing.

d. Japanese O-serotypes (Kitao, 1984).
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Table 6d. Serological reactivity of anti-F. ordalii H MAbs
examined by coagglutination reaction8. Anti-H
coagglutination reagent6 tested against heterologous
Vibrio0 fish pathogens or Vibrio0 species which might
share H antigen determinants.

Agglutination reaction of MAbs
produced by clones
Speciesd
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.

choleraee
mimicuse
parahemolyticuse
carchariae9
metschnikoviie
fluvialise
vulnificus bio If
vulnificus bio IIf
alginolyticus9
damsela"

4.7
0
0
0
0
0
0
0
0
0
0

4.8
0
0
0
0
0
0
0
0
0
0

a. Agglutination reactions were scored as agglutination
within 1 min (++), within 2 min (++), within 3 min (+),
(0), no agglutination abserved in 3 min.
b. Affinity purified anti-H MAbs armed with S. aureus cells.
c. ATCC strains.
d. Cells were suspended in 1% TET buffer for 24 hour before
testing.
e. Reported by Tassin, 1984; Simonson et al., 1986, 1988.
f. Report has not been found.
9. Reported by Beaz, 1987.
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to express shared

H antigen determinants in common with V.

anguillarum and V. ordalii (Tassin et al, 1983; Simonson and
Siebeling,

1986;

1988).

Neither

the

4.7

nor

the

4.8

coagglutination reagent coagglutinated these Vibrio spp (Table
6d), ending additional support to the presence of shared H
antigen.

The Vibrio species listed in Table 6d have been

reported to be fish pathognes (Colwell and Grimes, 1984).

A summary the serological reactivity and specificity of the
anti-V. ordalii H MAbs coagglutination reagents is presented on
Table 7.
tested.

A total of 35 V. anguillarum and 4 V. ordalii was
All nine American V. anguillarum and four V. ordalii

were agglutinated by these H coagglutination reagents.

The

reagents also reacted with each of the Denmark, Norwegien and
Taiwanese V.

anguillarum isolates.

Japanese isolates were

agglutinated with the anti-H MAbs reagents except for two
"autoagglutinators".

The 10 heterologous Vibrio species did

not show discernible cell clumping when mixed with the anti-V.
ordalii H MAb coagglutination reagents.

Baez (1987) prepared coagglutination reagents by coating S.
aureus cells with polyclonal anti-V. anguillarum and V. ordalii
rabbit serum.

The anti-V. anguillarum H reagent agglutinated

cell suspensions of V. anguillarum and V. ordalii. The anti-V
anguillarum

H

serum

also

agglutinated

V.

damsela,
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Table 7.

Serological survey by Vibrio anguillarum and
Vibrio ordalii isolated from fishes and other
Vibrio species by coagglutination with reagents
armed with anti-V. ordalii H MAbs.

No. of isolates coagglutinated
by anti-H MAbs
Species8
tested

4.7
(IgG)

4.8
(IgG)

9
10
1
4
11

9
10
1
4
9

9
10
1
4
9

0
0
0
0
2

4

4

4

0

10

0

0

0

No.
tested

autoagglutinator

V. anguillarum
U.S.A.
Denmark
Norway
Taiwan
Japan
V. ordalii
U.S.A.
Vibrio species*:

Isolates were in 1 % TET buffer for 24 hr. at 4°C.
10% formalized Staphylococcus aureus cells armed with
affinity-purified MABs.
Vibrio species: V. cholerae, V. mimicus, V. fluvialis, V.
metschnikovii, V. carachariae, V. damsel a, V.
parahemolyticus, V. alginolyticus, V. vulnificus biotype
I and biotype II.
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alginolyticus, V. cholerae, and V. carchariae, while the antiV.

ordalii H reagent reacted with V. parahaemolyticus,

V.

alginolyticus and V. cholerae.

Anti-H coagglutination reagents prepared with polyclonal
antiserum

exhibit

heterologous

cross

reactivity

unacceptable to identify Vibrio fish pathogens.

which

was

These reagents

could be rendered species-specific by immune absorption with the
approach cells,

but eliminate cross-reactivity

from

serum,

reduced ion the titer 100 fold (Baez, M.S. thesis, LSU, 1987).

Affinity purified anti-H monoclonal antibody (IgG class)
coated onto S. aureus cells expressed serological reactivity
specific
flagella.

for

H-epitope

on

V.

ordalii

and

V.

anguillarum

Anti-H coagglutination reagents armed with 4.7 or 4.8

MAb agglutinated

V. anguillarum and V. ordalii independent of

geographical source and the 0 serotype.

It also possesses the

potential to detect and identify new clinical and enviromental
isolates or those non-typable with current O serotyping serum.

Since the anti-V. ordalii H MAbs harvested from each of the
two clones (4.7 and 4.8) agglutinated V. anguillarum cells with
the same efficiency as the homologous V. ordalii cells,
appears both these fish pathogens express
identical,

H antigen determinants.

similar,

it

if not

Simonson and Siebeling
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(1986, 1988) also found that V. cholerae and V. mimicus express
the

similar

H

antigen

determinants.

Therefore,

there

is

precedent for two Vibrio species to exhibit similar, if not
identical, H antigens.

At
reagents

the
for

present time,
the

the

identification

availability
of

the

anguillarum and V. ordalii is limited.

of

fish

serological

pathogens V.

The polyclonal anti-V.

anguillarum O serum exhibited cross-reactivity with heterologous
species

of

Pseudomonas.

Vibrio

and

some

strains

of

Aeromonas

and

To date, polyclonal anti-V. anguillarum O or K

serum will not agglutinate V. anguillarum exclusively.

Monoclonal

antibodies

provide

several

advantages

over

polyclonal anti-serum derived from immunization of animals with
antigenic fractions.

MAb has defined specificity for a single

epitope on a macro-molecule.

This permits a quantification and

identification of interesting macromolecules in the presence of
contaminating antigens.

The anti-V. ordalii H MAbs do provide

the serological specificity for these fish pathogens.

The indirect immunofluorescence (Bulloch and Stucky, 1975),
the ELISA (Smith, 1981) and dot blot method (Cipriano et al.,
1985) exhibit the desired specificity and sensitivity to detect
V. anguillarum or undefined antigens derived from this pathogen
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but none of these methods lends itself to field application nor
are they rapid, economical or adaptable to field laboratories.

Serological identification of V. anguillarum and V. ordalii
by these anti-H coagglutination reagents can be applicable to
field use because no special instrumentation is required. The
test is easy, rapid, and specific, and permits
testing

of

multiple

samples.

The

anti-H

simultaneous

coagglutination

reagents will identify V. anguillarum and V. ordalii isolates
one step beyond primary isolation from diseased fish tissue or
marine environment.
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Chapter II:

Serological Identification Of

anguillarum And

V.ordalii By Using Lipopolysaccharide (O) Antigens.

65
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Introduction

Diverse antigen variation has been observed within V.
anguillarum species, associated with fish diseases, both in
fresh and marine waters (Pacha and Kiehn, 1969; Kitao et al.,
1983; Sorensen and Larsen,
addition,
(Crosa,

differences

1980).

in

1986;
virulence

Song et al.,
have

been

1988).

In

demonstrated

An interesting relationship seems to exist

between the specific 0-antigen serogroups and the virulence of
bacterial strains, and it appears that this relationship is
associated with heat-stable somatic antigens (0) , rather than
with thermolabile antigens (H).

The relationships between the

0 serotype of a pathogenic or nonpathogenic isolate and the
geographical

location,

lipopolysaccharide

host-specificity,

structure

and

and

composition

related

have

been

investigated.

At present, V. anguillarum 0 serotyping systems are very
confusing because different investigators have developed their
own serotyping schemes;

such as the Japanese

system,

the

Taiwanese system, the Danish and the U.S.A. system (Kitao et al,
1983; Ezura et al., 1980).
serological nomenclature,

Each system utilizes a different
such as Arabic numerals,

or Roman

numercels with or without an "O" prefix.

66

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

67

There are five different O serotyping systems in use (Table
1).

Pacha and Kiehn (1969) established the USA 0 serotyping

system for V. anguillarum.
1, 2 and 3.
organisms

were

This system consists of 3 serotypes:

According to the geographical area from which
isolated,

they

named

strains

as

Northwest

salmonid vibrios (serotype 1), European vibrios (serotype 2) and
Pacific herring vibrios (serotype 3).

Each organism examined in

their study was isolated from a fish disease outbreak.

In 1983,

Kitao et al proposed an 0 serotyping for V.

anguillarum isolated from diseased freshwater fish in Japan.
Nine distinct 0 serotypes,

designated as A through I were

described and 91% of V. anguillarum isolates they examined
belonged to serotype A (same as serotype Danish 02, J-0-1 or T0-V and USA 2) (Table 1).

Ninty-nine of their isolates were

recovered from cultured Ayu fingerlings raised in fresh water.
Ayu strains which belonged to serotypes B, (same as Danish 03,
J-0-2 or T-O-VI, USA 3), C (same as Danish 01, J-0-3, or T-O-I,
USA 1) D and E were isolated from cultured ayu captured in
seawater.

Since 1973, V. anguillarum serotypes D, E, and F have

not been isolated from diseased fish.

Serotype A, B and C

appear to be the most predominant and important serotypes which
cause vibriosis in cultured Ayu in Japan.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

68

Table l:

Denmark6
01
02
03
04
05
06
07
08
09
010

A summary and comparision of five serotyping systems
for V. anguillarum based on cell wall (0) associated
lipopolysaccharide antigens: Correlation of Oantigen nomenclature.

Japanb
C
A
B

Japanc

Taiwan*1

J-0-3
J-0-1
J-0-2

T-0-I
T-0-V
T-O-VI

United*
States
1
2
3

Denmark
Reference
Strains
6018/1
1173/1
6062A
1356/1
1384/1
1406/1
6192/3
1733/2
1247/1
1347/1

D
E
F
G
H
I
T-0-II
T-0-III
T-0-IV
T-0-VII

6:
b:
c:
d:
e:

Denmark O-antigen designation; Sorensen and Larsen,
1986.
Japan O-antigen designation; Kitao et al., 1983.
Japan O-antigen designation; Ezura et al., 1980.
Taiwan O-antigen designation; Song et al., 1988
American O-antigen designation; Pachaand Kiehn, 1969.
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A second group of investigators in Japan also established
a serotyping scheme based upon thermostable somatic antigens
(1986).
groups

They separated V. anguillarum into eight serological
(J-0-1

through

J-0-8).

In

excess

of

90%

of

V.

eoiguillarum isolates were classified as J-0-1 through J-0-3.
In excess of 80% of strains typed which belonged to J-0-1
(equivalent to Danish

serotype 02, A or T-O-V, USA 2) were

isolated from fish reared in fresh water, while 80% of J-0-3
isolates (same as serotype 01, 1, C, or T-0-I) were recovered
from fish reared in sea water.

These findings were similar to

those reported by Kitao et al.(1983). The sources of the strains
belonging to J-0-2 (serotype B or 03) were not identified. A
limited number of strains typed as J-0-4, J-0-5, J-0-6 and J-07 were detected and each was isolated from diseased fish.

The

J-0-8 strains were isolated from the sea environment and were
found to be weakly virulent

(Tajima et al., 1985).

They

reported that V. ordalii ( V. anguillaum biotype II), which were
isolated

from

salmonidae

reared

in fresh water,

possessed

thermostable antigen in common with J-0-1, or Danish 02, A, or
T-O-V or USA 2 with the V. anguillarum (biotype I) .

Song et al. (1988) developed an O-serological system for V.
anguillarum strains isolated from fish in Taiwan.

Several

antigenically unique serotypes (T-0 II, III, IV and VII) were
discovered . Approximately 75.6% of the isolates isolated from
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milkfish or ayu belonged to serotype T-O-I.

However, serotypes

II, III IV, V, VI and VII occurred sporadically only in fish or
pond water.

They recovered some strains from milkfish or from

pond water that were nontypable with anti-0 sera, presently in
use.

Danish V. anguillarum isolates were serotyped based on
thermostable O antigens as 10 different groups, which will be
designated in this study as D01 through D010.

Greater than 90%

of pathogenic strains were typable within the 10 serotypes and
71% of the strains isolated from cultured rainbow trout were
serotype 01 (Table 1), whereas 78% of the strains isolated from
fish in the marine environment were serotype 02, which did not
correlate with the Japanese reports.
environmental isolates were nontypable.
reported that

Sixty percent of the
Harson et al. also

V. ordalii strain MSC-275 shared O antigens with

V. anguillarum serotype 02 which did support the findings of
Tajima et al.(1985).

The LPS molecule consists of three definable regions: lipid
A, core oligosaccharides, and O-antigen polysaccharides.

In

contrast to the core oligosaccharide, which is structurally
similar among many gram-negative bacteria, the O-antigen is
chemically diverse within the Gram-negative genera of bacteria
and is highly immunogenic.

The antigenic diversity within the

LPS of V . anguillaum has led to identification of at least 16 0
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serotypes

based

on

lipopolysaccharide

somatic

"0"

antigen

determined by direct-immune slide agglutination.

Each of the five V.
discussed

above

agglutination.

have
The

anguillaum 0 serotyping systems,

been

antigen

established

based

preparations

used

on
to

slide
produce

antiserum consisted of heat-killed or formalin-killed whole cell
vaccines.

Serological

cross-reactions

occurred

between

serotypes (Song et al., 1988) and between Vibrio species (Ezura,
1983; Sorensen and Larsen, 1986; Tajima, et al., 1985).
former

case,

cross-reacting

could

be

In the

eliminated

when

thermostable somatic "0" antigens were used to produce the
serum.

Sorensen

and

Larsen

(1986)

reported that

"cross

reactions" as well as some heterogeneous antigens patterns could
be explained by the presence of thermolabile antigens in the
formalin-killed whole cell vaccines.

Heat-killed vaccines did

not contain thermolabile protein antigens nor the thermostable
capsular (K) antigens which appears to provoke production of the
antibody which may be responsible for the cross-reactions.

A correlation and relationship between host specificity,
geographical location, virulence and 0 serotype has been noted.
The

relationship

between

the

genetics

of

pathogenic

V.

anguillaum strains and their serotype designation has also been
examined.

Toranzo, in Spain, found that the Northwest Spain

isolates which belonged to serotype 1 possessed one plasmid (47
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Md) similar to the virulence plasmid pJMl which was detected in
the serotype 01 of Northwest American isolates reported by Crosa
(1980).

The pathogenic vibrios assigned to

serotype 02

contained no detectable plasmids, and their virulence properties
appear to be chromosome-encoded.

The serogical properties of the LPS of V.

anguillarum

appears to be determined by differences in chemical composition
and structure.

Aoki and co-worker (1981) purified LPS from six

different O serogroups of V. anguillarum.
antigenic

specificity was

lipopolysaccharide.

They reported that

conferred by differences

in the

The immunoblot assay revealed that V.

anguillarum 02 and V. ordalii expressed antigenic determinants
in

common.

The

lipopolysaccharides
polyacrylamide

structural

heterogeneity

was

analyzed

gels.

also
Two

distinct

in

of

the

silver

vibrio
stained

lipopolysaccharide

morphologies were exhibited in the two most common serotypes (01
and 02), one with O polysaccharide chains of heterogeneous chain
length and the other with 0 polysaccharide chains of more
uniform chain length.

The chemical composition of LPS has also

been investigated and showed that 2-keto-3-deoxyoctonate was
absent in the LPS of the fish Vibrios as well as the LPS of
other Vibrio species and Aeromonas (Aoki et al., 1981).

Salati

and Kusuda

(1986)

reported that the

LPS of V.

anguillarum J-0-1, J-0-2 and J-0-3 showed 2.5%, 4.8% and 1.3%
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protein; 36.3% , 30.0% and 20.0% sugar and 7.1%, 11.3% and 6.6%
fatty acids.

Chemical analysis of V. ordalii showed 17.5%

protein, 13.8% sugar and 1.4% fatty acids respectively.

The

monosaccharide composition of V. anguillarum J-0-1, J-0-2, and
J-0-3 was respectively: 0.1%, 0.1% and 0.1% 2-keto-3-deoxyhexose
(KDO-like sugar); 3.0%, 1.9% and 0.6% pentose; 32.6%, 21.6% and
12.6% hexose; 10.8%, 7.6% and 2.8% 6-deoxyhexose; 4.6%, 7.7% and
7.7%

heptose;

5.1%,

6.0%,

and

10.2%

amino

sugar.

The

monosaccharide composition of V. ordalii LPS was: 0.0% KDO; 1.5%
pentose, 6.6% hexose, 4.0% 6-deoxyhexose, 0.2% heptose and 3.1%
amino sugar.
were:

The fatty acid present in V. anguillajcum lipid A

myristic acid, palmitic acid and stearic acid, while the

lipid A of V. ordalii consisted of lauric acid, palmitic acid,
stearic acid and arachidic acid.

In summary, V. anguillarum presents a diverse O antigen
profile due to environment and fish host, but most predominant
strains isolated from diseased fish, independent of their host
species or geographical location, belong to 01, 02 and 03.
Ninty-nine percent of these three serogroups were isolated from
diseased fish reared from environment.
monoclonal

antibody

coagglutination

The anti-V. ordalii H
reagents

identified

serologically each serotype of V. anguillarum and V. ordalii but
it can not distinguish virulent fish isolates from avirulent
environmental isolates .
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The construction of serological reagents which detect the
three prevalent serotypes
objective

of

this

study.

of V. anguillarum became the next
Both polyclonal

and monoclonal

antibody were produced against V. anguillarum lipopolysaccharide
antigens and evaluated for the identification of V. anguillarum
and V. ordalii from diseased fish.
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Methods and Materials

Bacterial strains;
included

Vibrio

A total of 57 bacterial strains, which

fish

isolates

and

marine

environmental

isolates, were used as whole cell antigens in the directimmune slide agglutination test.
received

from

type

culture

The Vibrio strains were

collections

located in different countries.

and

laboratories

Table 2 shows the source,

donor or place of origin of the following bacterial species:
V.

anguillarum,

biotype

I

and

V.
II,

ordalii,
V.

V.

tubiashii,

natriegens,

V.

V.

vulnificus

alginolyticus,

V.

aestuarianus, V. choleras, V. parahemolyticus, V. nereis, V.
metschnikovii,

V.

mediterranei,

V.

proteolyticus,

V.

furnisaii, V. hollisae, V. mimicus, V. campbelli, V. pelaguis,
V. harveyii, V. orientalis, V. fischeri, V. splendidus, V.
gasogenes, V. diazotrophicus, V. cincinnatiensis, V. hollisae
and V.

costicola.

Stock cultures of the isolates were

maintained in maintainence medium (1.6% [wt/vol] GI Motility
medium; 1.0% tryptose; 2.25% NaCl and 0.5% agar) and were
transfered to fresh medium monthly.

Extraction and purification of Lipopolvsaccharides (LPSf from
bacteria; Vibrio spp. were inoculated onto alkaline peptone
agar contining 2% NaCl in Roux flasks

.

After 48 hour

incubation at 30°C, the cells were harvested and suspended in
75
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Table 2.

Origin and source of the bacterial strains used in
this study.

Strains

V. anguillarum
ATCC 19264
8-13
8-14
8-30
8-37
8-42
8-46
8-48
8-50
LS—174
6018/1
1173/1
6062/A
1356/1
1384/1
1406/1
6192/3
1733/2
1247/1
1347/i
860306-L1
N1E275
811218—5W
PT-24
PT—493
PF-213
PB-15
PB-28
ET-1
PT—80-187
PT-80-818
PT-80-641
N-946

Source of isolation

Gadus mothua
Chinook Salmon
Coho Salmon
Salmon
Unknown fish
Fish (unknown)
Atlantic Salmon
Milk fish
Agu
Onchorhynchus
kisutch
Salmo gairdneri
Feral fish
Salmo gairdneri
Gadus morhua
Gadus morhua
Gadus morhua
Anguilla anguilla
Gadus morhua
Gadus morhua
Gadus morhua
Chanos chanos
Chanos chanos
Pond water
Plecoglossus
altivelis
Plecoglossus
altivelis
Plecoglossus
altivelis
Plecoglossus
altivelis
Plecoglossus
altivelis
Anguilla japonicus
b
eel

—

Place of origin
or Donor

ATCC8
Walport, Oregon
Port Walter, Ak
Pacific N.W.
Chesapeake Bay
Chesapeake Bay
Nova Scotia
Taiwan
Japan
Oregon
Denmark
Denmark
Denmark
Denmark
Denmark
Denmark
Denmark
Denmark
Denmark
Denmark
Taiwan
Taiwan
Taiwan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Norway
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Table 2.

Origin and source of the bacterial strains used in
this study.(continued)

Strains

V. ordalii
ATCC 33509
1669
8-31
MSC-275

Source of isolation

O. kisutch
O. kisutch
Coho Salmon
Onchorhynchus
kisutsch

V, alginolyticus
ATCC 33787
V. carchariae
ATCC 35084

Place of origin or
Donor

Washington
Washington
New Port, Or
U.S.A.
ATCC

Carcharhinus
plumbeus

U.S.A.

V. cholerae
ATCC 14035

U.S.A

V. costicola
NCMB701

T . Donovan.
Maidstone, Eng.

V. damsela
ATCC 35083
V . diazatrophicus
ATCC 33466
V . fisheri
NCMB 1281

Carcharhinus
plumbeus

ATCC
ATCC
T . Donovan
Maidstone, Eng.

V.fluvialis
ATCC 33810

ATCC

V. harveyi
NCMB 1280

T . Donovan
Maidstone, Eng.

V. metschnikovii
ATCC 7708

ATCC

V. mimicus
ATCC 33653

ATCC
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Table 2.

Origin and source of the bacterial strains used in
this study.(continued)

Strains

Source of isolation

V. natriegens
ATCC 14048

Salt mash mud

Place of origin or
Donor

ATCC

V. nereis
ATCC 25917

ATCC

V. parahaemolyticus
ATCC 10136

ATCC

V. pelagius
ATCC 25916

ATCC

V. proteolyticus
NCMB 1281

T . Donovan
Maidstone,Eng.

V. vulnificus biol
ATCC 27562

ATCC

V. vulnificus bioll
ATCC 33147

eel

ATCC

V . tubiashii
ATCC 19109

Mercenaria

ATCC

Crasostrea
virginica

ATCC

V. aestuarianus
ATCC 35048
Staphylococcus
aureus
Cowan I
ATCC 12598

ATCC

aATCC = American Type Culture Collection, 12301 Parkland
Drive, Rockville, Maryland
b - Unknown
cNCMB = National Collection of Marine Bacteria, Aberdeen,
Scotland
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0.15 M saline, washed three times with saline, and then dried
following one wash in acetone.

The dried cells were grounded

to a powder with mortar and pestle.

The LPS was extracted by

the phenol-water extraction procedure of Westphal and Jann
(1965) .

The LPS was extracted in 45% phenol at 70°C for 15

min while

stirring.

The mixture was cooled to 4°C,

and

centrifuged at 10,000 x g for 45 min.

The aqueous phase which

contained the crude LPS was saved.

To the phenol phase, a

volume of water was added equal to that removed and the
mixture was extracted a second time.

The aqueous phase from

each extraction was pooled and dialyzed against distilled
water for four days.
18,000 g for 15 min.

Insoluble particles were sedimented at
The crude LPS was sedimented in a

Beckman ultra-centrifuge at 36,ooo rpm with
3 hr at 5°C.
suspended

in

The gel-like pellet,
distilled

water.

ty 65 rotorfor

the crude LPS,

Five

ug

per

was

ml

of

deoxyribonuclease (Sigma, type A) were added, incubated for
16 hr at 37°C, and centrifuged at 36,000 rpm for 8 hr.

The

LPS which sedimented was washed twice in distilled water,
centrifuged at 40,000 rpm for 3 hr and then taken up in a
small volume of water, and lyophilized.

Lipopolysaccharide material (1 mg/ml) was treated with
0.25 N NaOH at 37°C for four hours, followed by 1 hr at 56°C
to hydrolyze the lipid from the LPS (detoxification).
detoxified material

was

neutralized by

dialysis

The

against
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distilled water overnight and centrifuged at 40,000 rpm for
3 hr.

When LPS served as antigen in ELISA or for the passive
hemagglutination test, the detoxified LPS was diluted to 50
ug per ml in 0.067 M PBS, pH 7.3.

Heat Killed Whole Cell Vaccines.

Whole cell vaccines were

produced from V. anguillarum isolates by propagation of cells
on alkaline peptone agar (1% peptone, 2% NaCl, 0.2% yeast
extract, 1.5% agar, pH 7.8) . The cells were harvested in 0.15
M saline and the cell suspension was heated in a 100°C water
bath for 1 hour.

The heat-killed whole-cell vaccines were

cooled and the cell suspension was standardized to lxlO10
organisms per ml (380 klett units 540 nm filter) .

Formalin Killed Whole Cell Vaccines. Vibrio anguillarum cells
were harvested in 0.3% formalin in PBS, incubated at 4°-8°C
for 48 hours and subcultured into alkaline peptone broth to
insure that no viable organisms remained. The formalin-killed
whole cell vaccines were standardized to 1x10® cells per ml
(170 klett units, 520 nm filter) .

Production of Polyclonal Antiserum. New Zealand white rabbits
were immunized with heat killed whole cell vaccines prepared
from the ten Danish O-serotypes.

The immunization schedule
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is shown in table 3.

On day twenty-one, blood was collected,

serum harvested and tested to determine the O-titer.

O-Antigen Tube Agglutination. Live Vibrio anguillarum cells
harvested from alkaline peptone slants in 0.15 M NaCl were
washed twice and standardized to lxio9 cells per ml.

Serial

two-fold dilutions of immune sera were made in 0.5 ml volumes
in saline.
serum.

Prebleed serum was used as the negative control

To each tube, 0.5 ml of standardized cell suspension

was added.

The contents of each tube were mixed and incubated

at 40°C for two hours and examined for evidence of discernable
agglutination by comparing each tube with that of the negative
control tube.

The tubes were incubated at 4°C for 24 hours

and examined again for evidence of agglutination.

Slide

Coagglutination.

Cell

suspensions

of

Vibrio

anguillarum, Vibrio ordalii and heterologous Vibrio species
were prepared by harvesting the cells alkaline peptone slants
in PBS.

One drop of the cell suspension was placed on a glass

surface

and mixed with one drop of the

reagent.
watched

coagglutination

The slides were gently tilted from side to side and
continuously

for

three minutes

for

evidence

of

discernible agglutination.

MAB Production;

MABs were produced as described by Goding
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Table 3.

Schedule of immunization for preparation of rabbit
antiserum

Injection8
(week)

Doseb (ml)

Interval (day)

1st

0.1

2

2nd

0.2

2

3rd

0.5

3

4th

1.0

3

Trial bleed

7

Final bleed

2

a:

By I.V.

b:

Heated-killed cell vaccines.

The cell suspension were

strandardized by Klett-summerson colormeter at 170 units
of 540.nm (108 cells/ml in sterile 0.067 M PBS).
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(1983) .

Six week-old female BALB/c mice were immunized

intraperitoneally with 0.1 ml of standardized formalin-killed
whole cell vaccines.
showed on table 3.

The dose and immunization schedule are
Four days before fusion, the mice were

primed with an intraperitonea1 injection of 200 to 400 ug of
detoxified LPS. Before the fusion, mice were bled and the
serum obtained was used as the positive control

serum.

Negative control serum was obtained from age-and sex-matched
BALB/c control mice.

Following removal, the spleens were minced and rinsed in
CMF-Hanks

solution

containing antibiotics

(described in

chapter I). Spleen cells were mixed at 1:1 ratio with myeloma
cells (Sp 2/0-Ag 14) in 50% sterile polyethylene glycol (PEG) .
Following fusion, the cells were centrifuged and resuspended
in RPMI, supplemented with antibiotics and 15% fetal bovine
serum (Gibco).
15%

fetal

Cell cultures were fed with RPMI containing

bovine

serum,

5

mM

hypoxanthine,

0.02

mM

aminopterin, and 0.8 mM thymidine (Sigma Chemical Co., St.
Lonis, Mo.).

Each hybridoma was screened by LPS-ELISA and

those which secreted anti-LPS MAbs were cloned three times by
limiting dilution at < 1 cell per well.

Isotyping of Immunoalobins:

The isotype of each MAb was

determined by ELISA which employed a mouse monoclonal typing
kit which contained rabbit anti-mouse

immunoglobin IgGl,
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IgG2a, IgG2b, IgG3, IgM and IgA (HyClone Laboratories).

Purificaton and Quantitation of MAbs.

Anti-LPS secreting

hybridoma cells were injected into pristane-primed BALB/c
mice, and the resultant MAb were purified from the ascites
fluid or from cell culture supernatant fluid.
concentrated

from

ascites

or

supernatant

precipitation in saturated (NH4)2S04.

MABs were
fluids

by

MAb of immunoglobulin

IgG isotype were purified on a protein A-Sepharose CL-4B
column (Sigma) and IgM MABs were purified by anti-u chain
column

(Sigma).

The protein concentraion of MABs were

determined by using the formula as:
A 280 Units
I g G = ---------------------------

Xmg/ml protein

1.4

A 280 Units
I g M = --------------------------

Xmg/ml protein

1.25

LPS ELISA.
PBS (pH 7.2).

Detoxified LPS was diluted to 50 ug per ml in
A 50 ml aliquot (2.5 ug LPS per well) was

delivered to each well of a 96 well Polyvinyl
microtiter plate (Dynatech Laboratories,

chloride

Inc., Alexandria,

Va.). The plates were incubated overnight, uncovered at 37°C.
The wells were blocked by the addition of 200 ul of 2% BSA in
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0.067 M PBS-NaN3 buffer (pH 7.2) for 2 hours at 37°C.

The

wells were washed one time with washing buffer (pH 7.2) and
then 50 ul of test fluid or control sera was added to each
well and incubated at 37°C for 1 hour.

The wells were washed

four times to remove unbound antibody and 50 ul of anti-mouse
Ig-phosphatase conjugate (Sigma Chemical Company, St. Louis,
Mo.) diluted 1:200 in washing buffer was added to each well.
The plates were incubated at 37°C for 1 hour and each well
was washed four times with washing solution.
completely dried by blotting the plates

The plates were

on paper

and 200 ul

of 1 mg per ml phosphatase substrate (p-nitrophenyl phosphate,
Sigma

Chemical

Company,

St.

Louis,

Mo.)

diluted

in

diethanolamine buffer (97 ml diethanolamine, 100 mg MgCLz.6HzO,
0.2 mg NaN3 per litter) pH 9.6 was added to each well.

The

plates were incubated at 37°C for 15 minutes and absorbance
was read at 405 nm with a manual ELISA reader (Bio-Tek, Inc.).
Culture supernates which exhibited an absorbance of

0.2

greater than negative control were scored positive.

Whole Cell ELISA.

The whole cell ELISA was done using the

protocol described above with the following modifications.
Cells, grown in alkaline peptone broth at 30°C overnight, were
diluted 1:2 with 0.067 M PBS.

Polystyrene ELISA plates

(Immunlon I; Dynatech Laboratories, Inc., Alexandria, Va.)
were

coated with

50 ul

of diluted

cell

suspension and

incubated at 37°C overnight to dry.
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Preparation of Protein A Containing Staphylococcus aureus
Cowan

I.

Stabilization

of

the

protein

A

containing

staphylococci was done according to the method of Kronvall
(1971)

with

several

modifications.

Briefly,

5

ml

of

Trypticase Soy Broth (TSB) was inoculated with the Cowan I
strain of S. aureus.
at 35°C.

The culture was incubated for 18 hours

The eighteen hour culture was used to inoculate 1500

ml of TBS.

The flask was incubated at 35°C on a shaker (200

rpm). After 24 hour the cells were sedimented and the pellet
was washed three times in sterile phosphate buffered saline
(PBS; 0.067 M phosphate, 0.15 M NaCl, pH 7.2).

Following the

last wash, the cells were suspended in 0.5% formaldehyde and
incubated at room temperature for 3 hours.

The formalin -

treated cells were washed three times in PBS and suspended in
PBS to a final concentration of 10% [vol/vol].

The 10% cell

suspension was heated at 80°C for one hour.

The formalin

inactivated heat fixed (FIHF) bacteria were then washed with
PBS, resuspended to 10% in PBS and stored at 4°C until needed.

Coating of MAb to Formalin-Inactivated Heat-Fixed S. aureus
cells. Anti-LPS MAb of the IgG class were incubated with the
10% FIHF staphylococci one hour at ratio of 1:1 at room
temperature with occasional mixing.

The suspension was

centrifuged, washed one time with PBS and resuspended to 10%
in PBS.

The antibody sensitized staphylococci cells were
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refrigerated until needed.

Sterility was maintained by the

addition of 0.02 % sodium azide.

A negative control was

prepared by coating S. aureus cells with mouse serum.

Preparation of Test Bacteria for Slide Agglutination. Vibrio
cells tested by coagglutination were grown on alkaline peptone
slant (1% peptone, 0.2% yeast extract, 2% NaCl and 1.8% agar,
pH 7.8) for 24 hours at 30°C, except for V. ordalii strains
which were cultured for 3-5 days at 18-20°C.

Vibrio cells

were harvested in either 0.15 M saline or 0.3% Formalinphosphate buffer saline (pH 7.2).

Inoculation
obtained

of

from

Fish:
naturally

Vibrio anguillarum
infected

fish

strains

(Table

were

2).

For

virulence testing, 0.1 ml of 109 organisms/ml (380 klett Units
at 540 nm) were injected intraperitoneally (ip) into Killifish
(Fundulus grandis). In groups of three, fish which weighed 714 g were kept in brackish water which contained 0.3% NaCl.
Control groups consisted of healthy fish which received 0.1
ml sterile 0.3% saline solution by ip injection.

Fish Tissue Enrichment Culture.

Killifish were necropsied

and blood was collected by sterile capillary tube and the
liver,

spleen and kidney were removed from each fish by

aseptic techinique.
and flamed.

Instruments were dipped in 70% ethanol

Each tissue was placed in 1 to 2 ml of alkaline
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peptone broth (1% peptone, 0.2% yeast extract and 2% NaCl, pH
7.8-8.0) and incubated at 30°C.

Freezing Bacterial Culture.

Bacterial cells were harvested

from the surface of an alkaline peptone slant in 2.0 ml of
crystorage solution (75% Tryptic Soy Broth, 15% glycerol).
One ml of bacterial suspension was placed in a cryotube
(Nalge, A Division of Sybron Corporation, Rochester, N.Y.).
Tubes were immediately stored at -70°C.
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Results end Discussion

Production of anti-V. » w g i H n » r m n o antiserum.

At the present time, at least nine serotypes of V.
anguillarum have been detected in Japan (Kitao et al., 1983;
Tajima et al., 1985), seven serotypes of V. anguillarum have
been established in Taiwan (Song et al., 1988), ten distinct
serotypes have been identified by slide agglutination ( Danish
), and three O-serotypes of V. anguillarum have been described
by Pacha and Kienhn (1969 USA). Serotype 01 (serotype 1, J0-3, C, or T-O-I, table 1), serotype 02 (serotype 2, J-0-1,
A, and T-O-V), and serotype 03 (serotype 3, J-0-2, B, and T0-VI), were reported to cause the majority of infections in
cultured
world

and feral fresh or seawater fishes throughout the

, but they were isolated in low numbers from the

environments.

It

was

the

purpose

of

this

study

to

sensitize

Staphylococcus aureus Cowan I cells with antibody against
specific serogroup 01,

02 and 03 determinants,

and then

determine whether the anti-0 coagglutination reagents could
be used to detect these agents in cultured organs collected
from

diseased

fish.

Ten

distinct

O

serotypes

of

V.

anguillarum organisms were collected from Danish Laboratory
89
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and each antiserum was produced by immunizing rabbits with
heat-killed

whole

cell

vaccines.

After

four

weeks

immunization, blood was collected and titered by both direct
slide agglutination and passive hemagglutination tests.

The

results are shown in Table 4. The titers determined by direct
slide agglutination tests were from 80 to 1280,

and the

passive hemagglutination titers were between 1280 - 5120
except V . anguillarum 1406/1, serotype 06 , the titer of which
showed 160. All rabbits had good immune response to these fish
pathogens, V. anguillarum.

The specificity of each antiserum

was examined by testing against its homologous vaccine strain
and 9 other heterologous serotype strains (Table 5). As table
5 shows, no cross-reactivity was observed between serotypes
of V. anguillarum by these direct slide agglutination tests
and each antiserum seemed to be specific for it's own serovar.

The ten antisera were also used to serotype the V.
anguillarum strains which were isolated from different species
of the diseased fish or aquatic environments collected from
different laboratories in different countries.
showed

agglutination patterns

for

ten different

Table 6a
anti-V.

anguillarum sera tested against strains isolated form Taiwan.
V. anguillarum NIE 275 strain was heavily agglutinated with
anti-DOl serum.

This strain was categorized as T-0-I by Song

et al in Taiwan in 1988, and proposed to be the same as 01
serotype of Denmark.

The results from our tests supported
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Table 4:

Direct slide agglutination8 (DSA) and passive
hemagglutination1* (PHA) titers0 for rabbit anti-0
sera produced against each of the 10 Danish V.
anguillarum O-serotypes and tested against vaccine
strains.

Titers
Antigen
strains
6018/1
1173/1
6062/A
i
/i
1384/1
1406/1
6192/3
1733/2
1247/1
1347/1

0-serogroup
D01d
D02
D03
D04
D05
D06
D07
D08
D09
D010

DSA

PHA

640
80
160
80
640
160
160
1280
160
160

5120
2560
1280
5120
5120
160
5120
5120
5120
5120

8: Whole live cells suspended in PBS.
b: LPS was coated onto RRBC.
c: Titers: The greatest dilution of antiserum
gives visible agglutination reaction.
d: Danish 0 serotyping system (1986).
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Table 5.

Agglutination patterns for 10 anti-V. anguillarum
sera* raised in rabbits immunized with heat-killed
whole cell vaccines and tested against homologous
vaccine strains and heterologous vaccine strains.

Antiserum raised against
Antigen
strains
6018/1
1173/1
6062/A
1356/1
1384/1
1406/1
6192/3
1733/2
1247/1
1347/1

0-Gb D01
01
02
03
04
05
06
07
08
09
010

D02

D03

D04

D05

D06

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

—

-

—

-

-

-

—

-

-

-

-

-

-

-

D07

DO 8

D09 D010

+++c
+++
-

-

-

+++
-

-

+++

+++

-

—

-

-

—

-

-

-

-

-

-

-

-

-

-

-

-

■

+++
-

+++

-

-

-

-

-

-

+++
-

+++

a: Anti-sera was diluted 1:10.
0-G =

Danish O serogroup.

+++ = agglutination in 1 min
++ = agglutination in 2 min
+ = agglutination in 3 min
- = No agglutination over the 3-minute time frame.
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this finding.

This is the most prevalent serotype in Taiwan.

Strain 811218-5W isolated from pond water

(Table 3)

possessed low pathogenicity and did not agglutinate with any
antiserum which was prepared from 10 different Danish O
serogroup
classified

isolates
as

V.

(Table

6a).

anguillarum

by

This

strain

biochemical

had

been

tests

and

identified by our anti-H coagglutination reagents.

So,

probably, it may represent a new O serotype in addition to
those ten different serotypes.

None of the antisera agglutinated with strain 860306-L1
which was isolated from infected milkfish in Taiwan and
proposed to be equivalent to serotype 02.

The reason(s) for

not agglutinating by anti-D02 serum could be that the LPS
antigens may be masked by thermolabile antigens on the cell
surface sterically.

The strain 8-48 cells were autoagglutinated. The true
reaction could not be seen unless changing the cell suspension
buffer solution at pH other than 7.2 to 7.4.

Table 6b shows the agglutination patterns for ten antiV . anguillarum sera tested against Japanese isolates.

Strains

8-49 and PT-24 were strongly agglutinated by anti-DOl serum.
PF—213 and 8-50 strains were heavily reacted with anti-D02
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Table 6a.

Agglutination patterns for 10 different anti-V.
anguillarum sera raised in rabbits immunized with
heat-killed whole cell vaccines and tested against
V. anguillarum strains isolated from Taiwan.

antisera* of V. anguillarum
Isolates
suspended
in PBS

0-groupb

NIE275

T-0-1

811218-5W

T-0-III

0

0

0

0

0

0

0

0

0

0

860306—LI

T-0-V

0

0

0

0

0

0

0

0

0

0

8-48

D01 D02 D03 D04 D05 D06 D07 D08 D09 D010
+++d 0

0

0

0

0

0

0

0

_c

a.

Antisera diluted 1:10.

b.

Taiwanese 0 serotyping system (T-O-I through T-O-VI)

c . Unknown serotype.
d.

+++: Agglutination

in 1 min.

++: Agglutination

in 2 min.

+: Agglutination

in 3 min.

0: No agglutinationobserved in 3 min.
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Table 6b.

Agglutination patterns for 10 different anti-V.
anguillarum sera raised in rabbits immunized with
heat-killed whole cell vaccines and tested against
V. anguillarum strains isolated from Japan.

antisera8 of 17. anguillarum
Isolates
suspended
in PBS

0-groupb

D01 D02 D03 D04 D05 D06 D07 D08 D09 D010

PT-24

A

0

+++

0

0

0

0

0

0

0

0

PT-493

B

0

0

+++

0

0

0

0

0

0

0

PF—213

C

+++

0

0

0

0

0

0

0

0

0

PB-15

D

0

0

0

0

0

0

0

0

0

0

PB-28

E

0

0

0

0

0

0

0

0

0

0

ET-1

F

0

0

0

0

0

0

0

0

0

0

PT-80-187

G

0

0

0

0

0

0

0

0

0

0

PT-80-818

H

0

0

0

0

0

0

0

0

0

0

PT-80-641

I

0

0

0

0

0

0

0

0

0

0

8-49

_c

8-50

-

++-*
0

0
+++

0
0

0
0

0
0

a.

Antisera diluted 1:10.

b.

Japanese O serotypes ( A through I).

0
0

0
0

0
0

0
0

c. Unknown serotype.
d.

+++:

Agglutination in 1 min.

++:

Agglutination in 2 min.

+:

Agglutination in 3 min.

0:

No agglutinaiton observed in 3 min.
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serum.

Isolate PT-493 was agglutinated by anti-D03 serum.

These results are in agreement with the agglutination patterns
from Denmark (Sorensen and Larsen, 1986) and Taiwan (Song et
al., 1988).

Serotype D, E, F, G, H and I did not agglutinate

with any present Danish anti-0 sera; but they were confirmed
as V. anguillarum isolates by our species specific anti-H
monoclonal antibody coagglutination reagents.

They might be

the 0 serotypes in addition to these ten Danish 0 serotypes.

The 13 clinical isolates of V. anguillarum and V . ordalii
collected from the U.S.A. also were serotyped with ten 0
serotyping reagent (Table 6c).

The reason of including V.

ordalii in this study was the serological cross-reactivity
between Vibrio anguillarum 02 and V. ordalii when using
polyclonal antibodies (Kitao et al, 1983; Tajima et al., 1985;
Sorensen and Larsen, 1986; Toranzo et al., 1987; Chart and
Trust, 1984).

V. anguillarum strains 8-13, 8-14, 8-37, 8-46,

and LS-174 were typed as serotype 01; V. anguillarum ATCC and
8-42 strains as serotype 02; whereas strain 8-30 belongs to
03

serotype.

Four

V.

ordalii

isolates

were

strongly

agglutinated with anti-D02 serum. This indicates these V.
ordalii isolates categorized as serotype 02 is correct.

To summarize the above observations, a total of 34 V.
anguillarum and 4 V. ordalii strains were serotyped. All four
V. ordalii are classified as serotype 02.

Nine clinical
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Table 6c.

Agglutination patterns for 10 different anti-V.
anguillarum sera raised in rabbits immunized with
heat-killed whole cell vaccines and tested against
V. anguillarum and V. ordalii strains isolated from
the America.

antisera* of V. anguillarum
Isolates
suspended
in PBS

D01

D02

D03

D04

D05

D06

D07

D08

D09

D010

+++c
+++
+++
+++
+++
+++

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

V. ang.
8-13
8-14
8-37
8-46
8-47
LS-174
ATCCb
8-42

0
0

+++
+++

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

8-30

0

0

+++

0

0

0

0

0

0

0

0
0
0
0

+++
+++
+++
+++

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

V. ord
ATCC
8-31
1669
MSC-275
a:

Antisera diluted 1:10.

b:

Origin from Denmark,

c:

+++: Agglutination

in 1 min.

++: Agglutination

in 2 min.

+: Agglutination

in 3 min.

0: No agglutinaitonobserved in 3 min.
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isolates of V. anguillarum from the U.S.A. fell into a single
serotype.
group;

One out of four Taiwanese isolates was typed as 01

one as an autoagglutinator,

nontypable.

and two of them were

Five Japanese isolates reacted with the present

Danish serotyping serum/ and six were not.

It could be presumed that at least sixteen different O
serotypes exist among V. anguillarum at the present time in
the world.

A wide

diversity

of somatic

"O"

serotypic

variation does occur in the species V. anguillarum.

No

serological cross-reactivity was observed in the species
examined by these tests.

The serological specificity of these ten serovar specific
polyclonal antisera were tested against heterologous Vibrio
species (Table 6d). Twenty-seven of the heterologous Vibrio
species tested did not react with any of the ten anti-0 sera
of V. anguillarum; while three vibrio species reacted and one
autoagglutinator was found (Table 6d).

V. mimicus and V.

fluvialis were agglutinated by anti-DOlO serum both with
titers at 320 (data not shown in table). V. nereis not only
agglutinated with anti-D02 but also with anti-D03, and antiD07, and titers of 80, 40 and 20 respectively were shown.
Cross-reactions between the Vibrio species were observed in
this study.
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Table 6d.

Serological examination of other than V.
anguillarum and V. ordalii vibrios isolates by
direct-immune slide agglutination with 10 different
anti-V. anguillarum 0 sera raised in rabbits
immunized with heat-killed whole cell vaccines.

Anti-sera* of V. anguillarum
Isolate
suspended
in FPBS
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.

D01 D02 D03 D04 D05 D06 D07 D08 D09 D010

nereis
mediterranei
proteolyticys
parahemolyticus
furnisaii
hollisae
cincinnatiensis
mimicus
vulnificus biol
vulnificus bioll
damsela
metschnikovii
fluvialis
cholerae
costicola
gasogenes
splendidus
logei
fischeri
orientalis
tubiashii
harveyii
natrigens
pelaguis
campbelli
alginolyticus

-b +++

a:

Anti-sera diluted 1:10.

b:

+++
++

+

Agglutination in
Agglutination in
Agglutination in
No agglutinaiton

+++

-

+++

-

-

-

+++

.auto-agglutination.........
-

-

-

-

-

-

1 min.
2 min.
3 min.
observed in 3 min.
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In 1977, Johnsen examined V. ancfuillarum cell surface
antigens by a double immunodiffusion test. The results showed
the specific antigen in common within the group which was not
shared by any of the other strains tested.

But they did share

minor common cell surface antigens with all the Vibrio species
tested.

Song et al (1988) also reported that some cross-reaction
among

different

serotypes

was

observed

when

direct

agglutination tests were carried out, even if heat-killed
whole cells were used as vaccine to immunize animal or used
as "O" antigen in the agglutination tests.

The direct slide

agglutination test with polyclonal antisera can not be used
as a diagnostic tool for identifying causative agents of
vibriosis for fish.
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Production and characterization of anti-0 Lipopolysaccharide
monoclonal antibody.

Polyclonal anti-lipopolysaccharide 0 sera have been used
for diagnostic and serotyping purposes.
findings

obtained

are

not

uniform

from

The serological
laboratory

to

laboratory because the vaccine strains and conditions used for
antibody production and absorption of cross-reactivity varies
greatly.

MAbs may be a good substitute and some have been

produced against the cell surface antigens of serotype 02 V.
anguillarum

(Svendsen and Larsen,

1988).

In the present

study, the findings of Svendsen and Larsen were extended.
MAbs against the lipopolysaccharide antigens of serotype 01,
02 and 03 were produced and characterized.

Seventeen independently derived hybridomas secreting MABs
to the LPS of V. anguillarum serotypes 01, 02 and 03 were
obtained from 5 fusion experiments (Table 7) .

Clones 3C5,

3C8, 2E1 and 3B6 were obtained from a fusion in which spleen
donor mice immunized with V. anguillarum 6018/1, serotype 01.
Mice immunized with V. anguillarum LS-174 serovar 01 yielded
clone H5 and H7.

Six hybridoma cell lines were cloned from

a fusion in which mice were immunized with V. anguillarum ATCC
19264, serovar 02.

Spleen cells of mice were primed with

serovar 03 strain, V. anguillarum 8-30, produced 4 clones:
Gil, G12, D3 and E4.

One clone 5.6 was selected from the
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Table 7.

Characterization of MAb reactive against the LPS8 of
V. anguillarum serotypes 01, 02 and 03.

Vaccine
strains

0-typeb

Clone

Isotype

Antibody titerc
by ELISA

V. anguillarum
6018/1

01

3C5
3C8
2E1
3B6

IgM
IgM
IgG2b
IgM

640
20
10
10

LS-174

01

H5
H7

IgM
IgM

80
80

ATCC

02

4A12
Dll
B8
B3
H10
C5

IgM
IgM
IgM
IgM
IgM
IgM

10
20
160
20
40
20

8-30

03

Gil
G12
03
E4

IgGl
IgG2b
IgM
IgG2a

40
320
40
40

02

5.6

IgG2b

10

V. ordalii
ATCC
a.

2.5 ug of LPS per well

b.

Danish 0-serotype.

c:

Titers were defined as the highest dilution of
affinity-purified MAbs, started at 5 ug protein per
well, which gave an ELISA readings (A405) 0.2 units
higher than the negative control.
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fusion experiment with spleen cells stimulated by V. ordalii
ATCC 33509 strain.

Hybridoma culture fluid and ascites fluid produced in mice
injected with cloned hybridomas were tested for MAb.
out

of

the

seventeen

hybridomas

examined

Twelve

produced

antibodies and five were IgG isotype (Table 7).

IgM

The finding

that 12 of the 17 MAbs were IgM supports previous contention
that the LPS antigen on V. anguillarum may be a T cell
independent carbohydrate antigen in Balb/c mice.

The anti-

LPS titer for each MAb was determined by ELISA and ranged from
10 to 640.

The starting MAb protein concentration was 5 ug

in the first well (Sciortine, et al., 1985).

The serological specificity of the 17 MAb was tested in
ELISA by using LPS or whole cells (WC) of V. anguillarum and
V. ordalii serotype 01, 02 and 03 as the antigen coated wells
(Table 8a, b and c) .

For each serotype, two strains were

tested: V. anguillarum 6018/1 and LS-174 serotype 01; V.
anguillarum ATCC 19264 and V. ordalii ATCC 33509 serovar 02,
and strain 8-30 and 6062/A, serovar 03.

The findings are

summarized in Table 8a, b and c.

MAb secreted by clone 3C5 was reactive with the LPS
preparations and the WC of each serotype.

MAb 3C5 may be

reactive with the core region of the vibrio LPS, a structural
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Table 8a.

Reactivity8 and specificity in ELISA of MAbsb
produced against V. anguillarum serotype 01: by
LPSC and whole celld (WC) antigen preparations of
0le, 02 and 03 serotypes.

MAb produced by clone number:

Serotype

Antigen

3C5

3C8

2E1

3B6

H5

H7

V. anguillarum
01

LPS
WC

+
+

+
+

+
+

+
+

+
+

+
+

02

LPS
WC

+
+

0
+

0
+

0
+

+
+

0
+

03

LPS
WC

+
+

+
+

+
+

+
+

+
+

+
+

LPS
WC

+
+

+
+

+
+

+
+

+
0

+
+

V. ordalii
02

a.

+: positive; A405 > 0.3 to 1.999.
0: negative; A405 < 0.3.

b.

0.5 ug MAb protein per well.

c.

2.5 ug LPS per well.

d.

Cells were grown in alkaline peptone broth for 24 hr,
diluted in one volume of 0.067 M PBS and 50 ul of cell
suspension was added to each well.

e. Danish O serotype designation.
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Table 8b.

Reactivity8 and specificity in ELISA of MAbsb
produced against V. anguillarum serotype 02: by
LPSC and whole celld (WC) antigen preparations of
01% 02 and 03 serotypes.

MAb produced by clone number:
Serotype

Antigen

5.6

4A12

Dll

B8

B3

H10

C5

V. anguillarum
01

LPS
WC

0
0

+
+

+
+

0
0

+
0

+
0

+
+

02

LPS
WC

+
+

+
+

+
+

+
+

+
+

+
+

+
+

03

LPS
WC

0
0

+
+

+
+

+
+

+
+

+
+

+
+

LPS
WC

+
+

+
+

+
+

+
0

+
+

+
+

V. ordalii
02

+
+

a. +: positive; A405 > 0.3 to 1.999.
0: negative; A405 < 0.3.
b. 0.5 ug MAb protein per well.
c. 2.5 ug LPS per well.
d.

Cells were grown in alkaline peptone broth for 24 hr,
diluted in one volume of 0.067 M PBS and 50 ul of cell
suspension was added to each well.

%

Danish 0 serotype designation.
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Table 8c.

Reactivity® and specificity in ELISA of MAbsb
produced against V. anguillarum serotype 03: by
LPSC and whole celld (WC) antigen preparations of
01®, 02 and 03 serotypes.

MAb produced by clone number:
Serotype

Antigen

Gil

D3

G12

E4

V. anguillarum
01

LPS
WC

0
0

0
0

+
+

0
+

02

LPS
WC

0
0

0
0

0
+

+
+

03

LPS
WC

+
+

+
+

+
+

+
+

LPS
WC

0
0

0
0

+
+

V . ordalii
02

0
+

®.

+: positive; A405 > 0.3 to 1.999.
0: negative; A405 < 0.3.

b.

0.5 ug MAb protein per well.

c.

2.5 ug LPS per well.

a.

Cells were grown in alkaline peptone brothfor 24 hr,
diluted in one volume of 0.067 M PBS and 50 ul of cell
suspension was added to each well.

*.

Danish O serotype designation.
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component common to all vibrios.

Clone 3C8, 2E1, 3B6 and H7

produced MAbs showed identical reacton patterns in which each
reacted with each WC and LPS preparation, except LPS from V.
anguillarum ATCC 19264.

MAbs 3C8, 2E,

3B6 and H7 may

recognize the same epitope, which can only be determined by
an ELISA-inhibition test.

MAB-H5, derived from the fusion in

which mice were immunized with strains LS-174, did not express
anti-serotype specificity .

The epitope reacted with H5

resided in the LPS of V. ordalii ATCC 33509 strain, but was
not detectable on the intact cell. This may be due to the
steric hindrance and were masked by other cell components.
Following two fusion attempts anti-01 serovar specific MAb
were not generated.

Of the seven anti-02

serovar LPS MAbs derived from

fusions of spleens cells from mice immunized with serotype
02, only one reacted by ELISA with 02 LPS and WC antigen
preparations exclusively (Table 8b) . MAb 5.6 was derived from
a fusion in which spleen cells were collected from mice
immunized with V. ordalii ATCC 33509.
with

MAb 5.6 also reacted

LPS and whole cells of serovar 02 V. anguillarum ATCC

19246 and did not react with antigen preparations of serotype
01 or 03.

When MAb 5.6 was titered by ELISA against V.

anguillarum ATCC, serovar 02 and V. ordalii ATCC strain LPS,
both titers were

100.

These

findings confirm previous

speculation that V. ordalii is serotype 02.
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Svendsen and Larsen (1988) produced monoclonal antibodies
to Vibrio anguillarum and Vibrio ordalii.

Five of seven MAbs

reacted with V. anguillarum serotype 2 only and two clones
reacted with both species when tested by whole cell ELISA.
The V. ancfuillarum-specific MAb might have been directed
against cell surface antigens such as outer membrane protein
or capsule determinants which are not shared by these two
species.

The finding from the reactivity of anti-LPS of V.

ordalii MAB 5.6 supported the conclusion that V. anguillarum
serotype

02

and

V.

ordalii

do

possess

similar

Lipopolysaccharide somatic "O" antigenic determinants.

This

clone was selected as anti-02 serovar LPS antibody and used
in subsequent studies.

Same as MAbs derived from serotype 01 fusion, MAbs 4A12,
Dll

and

C5

reacted

with

all

LPS

and

whole

cells

of

representive strains of serotype 01, 02 and 03, probably they
recognized rough-core region of LPS.
listed in

The rest of the MAbs

Table 8b were reacted with the purified LPS and

whole cell antigen prepared from 3 different 0 serotypes with
different combinations.

MAb B8 did not react with serotype

01 antigens examined by ELISA but reacted with the LPS
antigens or whole cells of serotype 02 and 03.

The epitope

responsible for this reaction is probably shared by serotype
02 and 03 and maybe by some others but not 01.

The reaction
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patterns from the MAb B3 and H10 were the same .

The epitope

on the LPS antigen determinants which were recognized by clone
B8, B3 and H10 may be responsible for the cross-reactivity
between

the

serogroups

or

species

examined

by

double

immunodiffusion tests and direct slide immunoagglutination
tests, as reported

by several investigators.

No anti-V.

anguillarum serovar 02 nor anti-V. ordalii 02 MAbs resulted
from those two fusions.

Table 8c shows the results of LPS and whole cell ELISA
assays done with four monoclonal antibodies produced.

Four

hybridoma were cloned from this fusion and two MAbs produced
by clones Gil and G12 showed specificity for the 03 sertypes.
Both MAbs reacted with 03 LPS preparations as well as whole
cells but not with 01 or 02 antigen preparation.

MAb secreted

by clones D3 and E4 were not serotype-specific; D3 MAb did not
react with the LPS of serotype 02; E4 did not bind the LPS of
serovar 01, but they did react with whole cell antigens
prepared from each serotype.

The results from the above serological studies indicate
that LPS O antigens prepared from different V. anguillarum
serotypes express the serotype specific epitopes in addition
to epitopes which may be responsible for shared antigenicity.
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Development

and

evaluation

of

anti-LPS

serovar

specific

possessed

anti-LPS

coagglutination reagents.

The

monoclonal

antibodies

which

specificity for serotype 02 and 03 were used to produce
coagglutination reagents.
slide agglutination tests.

They were evaluated by the rapid
Since a monoclonal antibody, as

opposed to polyclonal antibody, has specificity and activity
is for a single epitope they might exhibit poor agglutinating
capacity.

Coating the MAbs onto the Protein A receptor on

Staphylococcus, or onto latex beads, may enhance the visible
aspect of the slide agglutination test.

This approach may

reguire less "purified monoclonal antibody" which permits the
investigator to perform more tests.

MAb, secreted by clone Dll, derived from a serotype 02
fusion,

was

coated onto 3 um latex beads

concentration of 400 ug/ml.

at a protein

As shown in Tables 9a, b, c, d

and e, this anti-LPS core region MAb coagglutinated all V.
anguillarum and V. ordalii strains tested regardless of 0
serotype.

In addition, this reagent agglutinated each of the

25 Vibrio species listed in the Table 9e.

MAb Dll recognizes

an epitope that appears to be common to all vibrio species,
e.g., the core region of vibrio lipopolysaccharide. Whether
this epitope is expressed in the LPS of other Gram-negative
bacteria is not known.
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Table 9a.

Serological specificity of anti-V. anguillarum
serovar 02 and 03 MAbs examined by the
coagglutination assayb and tested against serovar
01 isolates collected from different countries.

Specificity
MAb
Vibrio
anti- 02
anguillarum
serovar
5.6
01 strain®
Dll

Control sera
anti-03
Gil

G12

Positive*1 Negative®

American
8-13
8-14
8-37
8-46
8-47
LS-174

+++
+++
+++
+++
+++
+++

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

+++
+++
+++
+++
+++
+++

0
0
0
0
0
0

Japanese
8-49
PT-213

+++
+++

0
0

0
0

0
0

+++
+++

0
0

Danish
6018/1

+++

0

0

0

+++

0

Taiwan
NIE-275

+++

0

0

0

+++

0

a.

Affinity-purified MAbs armed on 10% F-killed
Staphylococcus aureus.

b.

+++:
++:
+:
0:

c.

Cells harvested from AP slant in PBS.

d.

Anti-DOl rabbit serum.

e.

Normal rabbit serum.

Agglutination in first minute.
Agglutination in second minute.
Agglutination in third minute.
No agglutintion observed.
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Table 9b.

Serological specificity of anti-V. anguillarum
serovar 02 and 03 MAbs examined by the
coagglutination assayb and tested against serovar
02 isolates collected from different countries.

Specificity
Control sera

MAb
Serovar 02
isolates0
suspended
in PBS

anti-02

anti-03

Dll

5.6

Gil

G12

Positived Negative*

+++

+++
+++
+++
+++

0
0
0
0
0
0

0
0
0
0
0
0

+++
+++
+++
+++

+++
+++

0
0
0
0
0
0

American

V.a ATCC
8-42
V.O.ATCC
8-31
1669
MSC-275

+++
+++
+++

+++
+++

+++
+++

Japanese

V.a. 8-50
V.a PT-24

+++
+++

+++

+++

0
0

0
0

+++
+++

0
0

+++

+++

0

0

+++

0

+++

+++

0

0

+++

0

Danish

V.a 1173/1
Norway

V.a N-946
a.
b.

c.
d.
e.

Affinity-purified MAbs armed on 10% F-killed
Staphylococcus aureus.
+++: Agglutination in first minute.
++: Agglutination in second minute.
+: Agglutination in third minute.
0: No agglutintion observed.
24 hours AP slant cultures.
Anti-D02 rabbit serum.
Normal rabbit serum.
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Table 9c.

Serological specificity of anti-V. anguillarum
serovar 02 and 03 tiAbs examined by the
coagglutination assay* and tested against serovar
03 isolates collected from different countries.

Specificity
MAb

Control sera

Vibrio
anguillarum
isolates
in PBS

Dll

5.6

Gll

G12

American
8-30

+++

0

+++

+++

+++

0

Japanese
PT-493

+++

0

+++

+++

+++

0

Danish
6062/A

+++

0

+++

+++

+++

0

a.

anti-•03

anti-02

Positive*1 Negative*

Affinity-purified MAbs armed on 10% F-killed
Staphylococcus aureus.

b. +++: Agglutination in first minute.
++: Agglutination in second minute.
+: Agglutination in third minute.
0: No agglutintion observed.
c.

24 hours AP slant cultures.

d.

Anti-D03 rabbit serum.

e. Normal rabbit serum.
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Table 9d.

Serological specificity of anti-V. anguillarum
serovar 02 and 03 MAbs examined by the
coagglutination assayb and tested against other
than 01, 02 and 03 serotypes V. anguillarum
isolates collected from different countries.
Specificity
MAb
0

Isolates®
suspended
in PBS

anti-■02

anti--03
Control

Group

Dll

5.6

Gil

G12

serumf

V. anguillarum
Taiwanese
811218-5W

T-O-III

+++

0

0

0

0

Japanese
PB-15
PB-28
ET-1
PT—80-187
PT-80-818
PT-80-641

D
E
F
G
H
I

+++
+++
+++
+++
+++
+++

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

04®
05
06
07
08
09
010

+++
+++
+++
+++
+++
+++
+++

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

Danish
1356/1
1384/1
1406/1
6192/3
1733/2
1247/1
1347/1
a.
b.

c.
d.
e.
f.

Affinity-purified MAbs armed on 10% F-killed
Staphylococcus aureus.
+++: Agglutination in first minute.
++: Agglutination in second minute.
+: Agglutination in third minute.
0: No agglutintion observed.
Taiwan 0 serotype.
Japan 0 serotype.
Denmark 0 serotype.
Normal rabbit serum.
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Table 9e.

Serological specificity of anti-V. anguillarum
serovar 02 and 03 MAbs examined by the
coagglutination assayb and tested against
heterologous Vibrio species

Specificity of MAb

anti-02

anti-03

Isolates
suspended
in PBS

Dll

5.6

Gil

G12

V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.
V.

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

nereis
mediterranei
proteolyticys
parahemolyticus
furnisaii
hollisae
cincinnatiensis
mimicus
vulnificus biol
damsel a
metschnikovii
fluvialis
cholerae
costicola
gasogenes
splendidus
logei
fischeri
orientalis
tubiashii
harveyii
natrigens
pelaguis
campbelli
alginolyticus
a.
b.

c.

Control serac
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Affinity-purified MAbs armed on 10% F-killed
Staphylococcus aureus.
+++: Agglutination in first minute.
++: Agglutination in second minute.
+: Agglutination in third minute.
0: No agglutintion observed.
Normal rabbit serum.
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Anti-02 and 03 serovar specific MAb 5.6, Gil and G12 were
coated onto the formalin-killed Staphylococcus aureus Cowan
I cells at a protein concentration at 200-600 ug/ml in the
coating solution.
each

of

these

The serological serotype specificity for
anti-LPS

coagglutination.

MABs

was

examined

by

slide

Table 9a shows the reactivity of each

coagglutination reagent tested against serotype 01 isolates
collected from four countries. The positive control was antiD01 polyclonal anti-serum.
immunized rabbit serum.
1:10.

The negative control was non

The control sera were diluted to

Neither the anti-02 nor the 03 MAbs coagglutination

reagents agglutinated the six American, two Japanese, one
Danish and one Taiwanese serotype 01 isolates tested.

The coagglutination reagent armed with MAb 5.6, anti-02,
agglutinated each of the ten serotype 02 isolates tested,
independent of geographical source or host species (Table 2).
This reagent agglutinated each of the four V. ordalii isolates
recovered

in the US within one minute,

American,

two Japanese,

one Danish and one Norwegian V.

anguillarum 02 serotype.

These findings indicate that the

epitope recognized

by monoclonal

as well

antibody

as two

5.6 may be a

component in the 02-specific antigen which is expressed by
both V. anguillarum and V. ordalii.
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On the first round of coagglutination testing, the MAb
5.6 co-reagent did not agglutinate the V. anguillarum ATCC
19264 and 8-42 strains.

By increasing the concentration of

monoclonal antibody from 200 ug/ml to 600 ug/ml in the coating
reagent, the agglutination reaction with ATCC 19246 and 8-42
strains was recovered.

These findings suggest the pro-zone

effect which occurs in the tube agglutination test, may be
operable in the slide coagglutination test.

MAb Gil and G12 which show 03 serotype specificity were
also tested against the 02 serotype isolates and did not
agglutinate these organisms.

The positive control used was

anti-D02 rabbit serum diluted to 1:10.

Table 9c shows the results of the MAbs co-reagents tested
against serotype 03 isolates.

MAb 5.6 did not react with any

isolates belonged to 03 serovar.

While MAb Gil and G12

coagglutinated the three 03 serotype isolated from American,
Japan and Denmark.

The

serological

specificity

of the

anti-02

and

03

coagglutination reaction was also examined by testing each
reagent against the heterologous serotypes of V. anguillarum
isolates collected from Denmark, Japan and Taiwan (Table 9d)
as well as against heterologous Vibrio species (Table 9e) .
None of the heterologous serotypes or Vibrio species were
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agglutinated which lent further support to their O-serotype
specificity.

In

summary

(Table

10),

MAb

secreted

by

clone

Dll

agglutinated each of the 26 V. anguillarum and four V. ordalii
isolates tested regardless of their O serotypes status, as
well

as

seven

nontypable

V.

anguillarum

isolates.

In

addition, this reagent agglutinated 25 heterologous Vibrio
species.

This antibody may be of value to study the chemical

make-up and immunological properties of Vibrio LPS.

Six out of six V. anguillarum serotype 02 and four out
of four V.

ordalii were agglutinated by anti-02 serovar

specific MAb 5.6 coagglutination reagent in the first minute.
This

reagent

did

not

agglutinate

heterologous

Vibrio

anguillarum serotypes or those species listed in Table 9e .
Gil and G12 reagents exhibited 03 serotype specificity by
slide

agglutination

in

that

it

reacted

only

with

the

homologous serotype, with in a three minutes time frame.

During the serological survey of Vibrio species, the zone
equivalence phenonmenon was displayed when both polyclonal
and monoclonal antibody were used to type the bacterial
isolates by the slide agglutination test.

This phenonmenon

was first discribed by Heidelbergar and Kendall in 1937
(Siebeling, 1989). They were examing the serological activity
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Table 10.

Slide coagglutination reaction of affinity-purified
anti-LPS MABs* tested against ten 0 serotypes of
Vibrio anguillarum and Vibrio ordalii.

MAbs produced by clones
anti- 02
No
isolates
tested

anti-03

• Dll

5.6

Gil

G12

10
6
3
1
1
1
1
1
1
1

10
6
3
1
1
1
1
1
1
1

0
6
0
0
0
0
0
0
0
0

0
0
3
0
0
0
0
0
0
0

0
0
3
0
0
0
0
0
0
0

4

4

4

0

0

Nontypable
V. ancruillarum

7

7

0

0

0

Vibrio sDecies

25

25

0

0

0

Strains6

V. anouillarum
D01
D02
D03
D04
D05
D06
D07
D08
D09
D010
v. ordalii
D02

a.

Affinity-purified MAB armed with either S . aureus cells
or latex beads.

b.

Isolates harvested in 0.067 M PBS.
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of polyclonal antiserum produced against the specific soluble
substance, capsular carbohydrate, extracted from Streptococcus
pneumoniae. They defined the zone of equivelence as that
dilution of antibody which produces maximum precipitation in
the presence of a defined quantity of antigen.
equivelence

all

available

antibody

At the zone

aggregates

availiable antigen and form maximum precitatate.

with

all

To estimate

the zone of equivelence, a block titration must be done by
mixing various dilutions of antiserum with known quantities
of antigen and note the tube were discernible precipitation
occurs first.

When polyclonal anti-V\ anguillaum rabbit serum was used
to type V. anguillarum isolates in this study (Table 11) ,
anti-DIO serum agglutinated the D010 vaccine strains at a
serum dilution of 40 and 80 much faster than at a dilution of
1:10 or 1:20.

The cell clumps were large and clearly visible

at the 1:40 or 1:80 antiserum dilution,

while they were

comparatively clouded, small and slow to develop at a 1:10 or
1:20 serum dilution when the same cell suspension was examined
by the direct slide agglutination reaction.

This must be

considered when these reagents are used to examine unknown
isolates.

Apparently antibody

excess

leads to a

slow-

developing agglutination reaction.

Anti-DOlO

was

previously

shown

to

agglutinate
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Table 11. Zone of equivelence phenomenon when anti D010
polyclonal serum was tested against V. anguillarum
serotype 010 vaccine strain 1347/1 and the
heterologous Vibrio species .
Anti-DOlO polyclonal serum dilution
Antigen"

1/10

1/20

1/40

2

1

1/80

1/160

1/320

1/640

V. anguillarum
1347/1

3b

1

4

5

Oc

V. fluvialis
ATCC 33810

4

3

1

2

5

6

0

3

2

1

2

4

5

0

V.mimicus
ATCC 33653

a: Cells harvested from 24 hour alkaline peptone agar slants
in PBS.
b: Numbers indicate the order in which discernible
agglutination reactions occurred over time: 1 fastest;
2 > 3 > 4 > 5 > 6 .
c: No agglutination observed 3 minutes after antigen was mixed
with antiserum.
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fluvialis and V. mimicus (Chapter II, Table 6e).

Table 11

shows the zone equivelence phonomenon also occurs when this
antiserum was used to test V. fluvialis and V. mimicus.
Agglutination occurred fastest at a titer 1:40 for both of the
Vibrio species.

The slide agglutination anti-DOlO titer of

serum against the organisms listed in Table 11 was 320 for
each Vibrio species.

This zone phenomenon was only observed when anti-DOlO
antiserum was tested in the slide agglutination test.

The

anti-02 coagglutination reagent coated with MAb 5.6 produced
a similar reaction when tested against Vibrio isolates (Table
12).

At the outset, when 250 ug antibody protein/ml of MAb

5.6 was used to coat Staphycoccus aureus cells, the reagent
did not agglutinate V. anguillarum ATCC 19264, 8-42 serotype
02 isolates.

When the concentration of MAb used to coat was

increased to 600 ug/ml, the reagent agglutinated these cells.
But, the stability of the immune-aggregate produced with some
serotype 02 V. anguillarum cells was not consistent.

In an attempt to standardize and overcome the influence
of

the

zone

phenomenon,

cell

suspensions

of

various

concentrations were prepared from six 02 serotypes (Table 12).
As shown in table 12, each strain tested displayed a unique
agglutination pattern.

The ATCC and D02 strains at a cell

concentration of 4xl09 cells/ml agglutinated with MAb 5.6
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Table 12. Zone of equivelence displayed in anti-02 MAb"
coagglutination reaction and tested against
serotype 02 V. anguillarum, V. ordalii, other
serotypes of V. anguillarum, and heterologous Vibrio
species.
Cells/ml
Antigen6

8X109

4xl09

4X108

4xl07

4X106

4X105 4x10*

V .anguillarum

Serotype 02
8-50
ATCC
1173/1
8-42
N-946
PT-24

lc
3
2
1
4
1

2
1
1
2
2
2

3
2
3
3
1
3

4
4
4
4
3
4

5
5
5
5
0
5

0d
6
6
0
0
0

0
0
0
0
0
0

Other
serotypes
PT-493
1406/1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Serotype 02
ATCC
8-31
MSC-275
1669

1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

0
5
0
0

0
0
0
0

0
0
0
0

Vibrio
species
V. nereis
V. cholerae

0
0

0
0

0
0

0
0

0
0

0
0

0
0

V.ordalii

a: 600 ug/ml of affinity purified MAb 5.6 armed on Staphy.
aureus cells.
b: Cells harvested from 24 hour alkaline peptone agar slants
in PBS.
c: Numbers indicate the order in which discernible
agglutination reactions occurred over time: 1 fastest;
2 > 3 > 4 > 5 > 6 .
d: No agglutination observed 3 minutes after antigen was mixed
with antiserum.
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reagent faster than at the higher cell concentration while
strain N-946 agglutinated fastest at a cell concentration of
4 X 107 and slowest at 8 X 109 cell/ml.

To avoid the false-

negative reactions which may occur with an inappropriate, it
is possible several different cell suspensions may have to be
examined.

The results suggested the zone phenomenon

occurred only with selected strains, probably because LPSassociated antigen is low in density or are masked by capsular
slime.

In this study, the anti-O serovar specific MAbs were
produced and coagglutination reagents were prepared.

The

reagents have been evaluated in serotyping the V. anguillarum
and V.

ordalii

isolates

and revealed that they possess

potential for the identification of serological types among
these two fish pathogens.
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Applicatiion of anti-LPS serovar specific MAb coagglutination
reagent in detection of the causative agents of vibriosis from
diseased fish tissues.

One

objective

of

this

study

was

to

utilize

the

coagglutination reaction to detect the causative agent of
vibriosis in diseased tissue serologically without isolating
the pathogenic bacterium directly.

In the first experiment striped base were injected with
107 cells V. anguillarum 8-50 (serotype 02) by intraperitoneal
challenge.

This

species

of

fish

is susceptible to V.

anguillarum.

Following death, the fish were necropsied and one gram
each of liver, spleen and kidney were inoculated into two ml
of alkaline peptone broth supplemented with 2% NaCl.

At

hourly intervals fluid from the AP-enrichment cultures were
tested with the anti-02 serovar specific MAb coagglutination
reagents.

At the

5th hr

of

incubation,

a discernible

agglutination reaction occurred when the reagent was tested
against one drop of the blood, liver and kidney culture fluids
(Table 13).
fluid

At the sixth hour of incubation, the culture

from each

tissue-enrichment

reactions within one minute.

produced

agglutination

When the organ-enrichment broth

was inoculated onto the TCBS (Thio-Sulfate Citrate Bile Salt
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Table 13. Detection of V. anguillarum8 in diseased fish tissue
by coagglutination with S. aureus cells armed with
anti-D02 LFS MAbb
Fish tissue0
Incubation
Time (hour)
liver kidney
0
0
0
+
+++

2
3
4
5
6

0
0
0
+
+++

spleen

blood

0
0
0
0
+++

a:

V. anguillarum

b:

Monoclonal antibody produced by cell line 5.6.

c:

One gram of the diseased fish tissue inoculated into
Alkaline Peptone broth.

d:

+++:
++:
+:
0:

0
0
0
+
+++

8-50 isolated from Ayu in Japan.

Agglutination in first minute.
Agglutination in second minute.
Agglutination in third minute.
No agglutination in 3 minutes frame.
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agar) medium, they showed mixed colony types, which showed
that

the

anti-LPS

serotype

specific MAb

coagglutination

reagent can be used to detect the agents of vibriosis from the
tissues of diseased fish without primary isolation.

In a second experiment, pathogenic V. anguillarum were
injected

into

Fundulus

Grandis

(Gulf

Killifish).

susceptibility of Killifish to V. anguillarum
reported,

so

a

virulence

experiment

was

The

has not been
performed

by

challenging these fish with an injection of 108 cells per fish
(Toranzo, et al., 1987) of V. anguillarum serotype 02 ATCC
19264,

8-50,

1173/1 and N-946 strains

(Table 14).

The

virulence assays were scored by numbers of survivors each day
following the challenge.

Strain 1173/1 proved to be virulent

and the three other strains failed to kill fish.

Virulence

has been defined, for V. anguillarum, as those strains which
caused death within within 2-4 days (Chart and Munn, 1986).

Each of the serotyoe 02 strains tested were isolated from
diseased fish.

Strains ATCC 19246, 8-50 and N-946 may have

lost virulence when continuously transfered on the laboratory
medium.

Strain 1173/1 was selected for future study because

it caused death in 3 to 4 days.

Enrichment broths were inoculated with liver, kidney,
spleen

and

blood

collected

at

necropsy

as

before.

Agglutination reactions with MAb 5.6 coagglutination reagent
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Table 14.

Virulence test for four V. anguillarum serotype 02
strains by intraperitonea1 injection of
Fundulus grandis fish.
Number of survivors; in test and control group fish
V. anguillarum serovar 02 strains® tested
8-50

N-946

ATCC

1173/1

Tb

Cc

T

C

T

C

T

c

1
2
3
4
5

3d
3
3
3
3

3
3
3
3
3

3
3
3
3
3

3
3
3
3
3

3
3
3
2
2

3
3
3
3
3

3
3
3
1
0

3
3
3
3
3

11

3

3

3

3

1

3

0

3

15

3

3

3

3

1

3

0

3

17

3

3

0

3

0

3

0

1

26

1

1

0

3

0

2

0

0

Day

a. Cells collected from 24 hr of AP slant cultures and
standardized at concentration of 109 cells/ml.
0.1 ml of each cell suspension per fish were inoculated.
b. Test group 3 fish.
c. Control group consists of 3 fish injected with 0.1
ml of saline.
d. Number of survivors each day following challenge
with 108 cells V. anguillarum by intraperitoneal
injection.
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were

positive

after

four

hrs

incubation

at

30°C..

The

agglutination reactions occurred sooner than in the first
experiment possibly because the Staphylococcus cells were
coated with MAb 5.6 at 600 ug MAb-protein per ml..

Each

culture fluid was also tested with 5. aureus cells coated with
250 ug per ml of MAb 5.6 . Agglutination reactions for later
reagent occurred after six hours of incubation.

In summary,

the results indicate that the serotype-

specific monoclonal antibody coagglutination assay can detect
and identify V. anguillarum in culture fluid seeded with
visceral organs of infected fish tissue.
simple, rapid, specific and reproducible.

The procedure is
The simplicity and

rapidity of coagglutination to detect V. anguillarum and V.
ordalii in the tissue of diseased fish offer advantages over

ELISA

and

immunoblot

assays.

The

monoclonal

antibody

coagglutination reagents can be stored for at least 6 months
at 4°C with no apparent loss in activity,

specificity or

sensitivity .

The anti-LPS serotype specific MAbs can be used in
several different areas.
evaluate

the

For example, they can be used to

effectiveness

of

commercial

vaccines

for

prevention of vibriosis caused by V. anguillaum and V. ordalii
(Svendsen and Larsen, 1988).
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Anti-LPS MAbs were also used to treat Gram-negative
bacterial sepsis (Priest et al., 1989).

They reported that

pretreatment with a lower dose of O saccharide-specific MAbs
(2

ug/animal)

provided

protection

against

intraperitonea1 challenge of viable Salmonella
bacteria.

lethal
minnesota

They found inner core LPS-specific MAbs were less

protective than 0 saccharide-specific MABs.

The anti-core

MAbs are probably more useful in the treatment of gramnegative sepsis because of their ability to bind to many types
of LPS and enhance survival during infection which is caused
by a wide variety of gram-negative bacteria.

Many investigators have applied anti-LPS MAbs in studying
the structure of LPS by using the immune-electrophoresis assay
(Rozalski et al., 1989) . The most widely used application for
anti-LPS MABs is in the serological diagnosis of infectious
agents.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

REFERENCES
Actis,

L.A., Potter,

S.A.

and Crosa,

J.H..

1985.

Iron-

regulated outer membrane protein 0M2 of Vibrio anguillarum is
encoded by virulence plasmid pJMl.

Infection and Immunity

161, 736-742.
Ada, G.L., G.J.V. Nossal, J. Pye and A. Abbot.

1963.

Behaviour of active bacterial antigens during the induction
of the immune respone, I. Properties of flagellar antigens
from salmonella.
Adams, L.B. 1987.

Nature

199: 1257-1259.

Production and evaluation of antisera and

monoclonal antibodies directed against the serovar-specific
lipopolysaccharide antigens of Vibrio cholerae.
Dissertation.

Dept. Microbiol. L.S.U. Baton Rouge, LA.

Aiso, K., U. Simidu and K. Hasuo.
digestive

tract

Microbiol.,

of

inshore

1968.

fish

"Microflora in the

in

Japan".

J.

Gen.

52: 361-364.

Ainsworth, A.J.,

and G. Gapley.

1986.

Use of monoclonal

antibodies in the indirect fluorescent antibody technique for
the diagnosis of Edwardsiella ictaluri.

J. Fish Disease.

9:

439-444.
Allen, R.D., and P. Baumann.
of

flagella

in

species

Photobacterium fisheri.
Allen and M. Mandel.
genus Beneckea.

1971.

1971.
of

Structure and arrangement
the

J. Bacterio.

genus

Beneckea

107: 295-302.

Taxonomy of marine bacteria:

J. Bacteriol.

and

107:268-294.

131

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

the

132
Amend, D. and Eshenour, R.
commercial fish vaccines.

1980.

Development and use of

Lake Ozark, Mo., United States

Trout Farmers Association.
Anderson, J.I.W., and D.A. Conroy.
marine fishes"

1969.

"Vibrio diseases in

In S.F. Snieszko, ed. A symposium on disease

of fishes and shell fishes.

Am. Fish. Soc. Spec. Publ, No.

5: 266-272.
Anderson, J.I.W., and D.A. Conroy.
marine fish.
shellishes.
Society,

1970.

Vibro disease in

In a symposium on diseases of fishes and
Edited by S.F.

Snieszko.

American Fisheries

Washington, D.C. pp 266-272.

Anderson, R.S., and Ordal, E.J.

1972.

relationships among marine Vibrios.

Deoxyribonucleic acid

Journal of Bacteriology.

109: 696-706.
Aoki, T., Kanazawa, T., and Kitao, T. 1985.

Epidemiological

surveillance of drug resistant Vibrio anguillarum strains.
Fish Pathol.

20: 199-208.

Aoki, T., T. Kitao, T. Itabashi, Y. Wada and M. Sakai.

1981.

Proteins and lipopolysaccharides in the membrane of Vibrio
anguillarum.

International Symposium on Fish Biologies:

Serodiagnostics Vaccines, Leetown, W. Va., U.S.A.
Biol. Standard.

Develop.

49:225-232.

Austin B, and Austin D.A.

1987.

Bacterial fish pathogens,

disease in farmed and wild fish.
Chichester, England

Ellis Horwood Ltd.,

pp 283-285.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

133
Austin, B., and B. Watt.

1986.

Monoclonal antibody based

enzyme-linked immunosorbent assays for the rapid diagnosis of
clinical cases of enteric redmouth and furunculosis in fish
farm.

J. Fish Disease.

Baez, L.A.

1987.

9: 469-474.

Rapid identification of Vibrio fish pathogens

by anti-H coagglutination.

Thesis, Dept, of Microbiol.

L.S.U. Baton Rouge, LA.
Baumann, P., Bang, S.S. and Baumann, L.

1978.

Paenotypic

characterization of Beneckea anguillara biotypes I and II.
Current Microbiology. 1, 85-88.
Baumann, P., Baumanm L., and

Mandel, M.

1971.

Taxonomy of

marine bacteria: the genus Beneckea, Journal of Bacteriology.
107: 268-294.
Berg, H.C., and R.A. Anderson.
their flagellar filaments.
Bhattacharyya, F.K.

1975.

1979.
Nature

Bacteria swim by rotating
245: 380-383.

Vibrio cholerae flagellar antigens:

a serodiagnosis test, functional implications of H-reactivity
and taxonomic importance of cross reactions within the vibrio
genus.

Med. Microbiol.

Bhattacharyya, F.K.
cholerae Vibrios.

1977.

Immunol.

162: 29-41.

The agglutination reactions of

Jpn. J. Med. Sci. Biol. 30: 259-268.

Blake, P.A., R.E. Weaver, and D.G. Hollis.
human

1980.

(other than cholerae) caused by vibrio.

Microbiol.

Diseases of
Ann. Rev.

34: 85-98.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

134
Buchanan, R.E. and N.E. Gibbons.

1974:

Derterminative of Bacteriology 8th ed.

Bergey's Manual of
Williams and Wilkins

Co., Baltimore.
Bullock, G.L., and H.M. Stuckey.

1975.

Fluorescent antibody

identification and detection of Corynebacterium causing kidney
disease of salmonid.
Busch, R. 1981.
the

major

J. Fish. Res. Board Can.

32:2224-2227.

The current status of diagnostic serology for

bacterial

diseases

of

fishes.

International

symposium on Fish Biologies: serodiagnostics and vaccines,
Leetown, W. Va. U.S.A. 1981.

Develop. Biol. Standard. 49,

p85-96 (S. Karger, basel 1981).
Chart, H. and C.B. Munn.
eel.

1980.

Experimental vibriosis in the

Fish Disease. 39-44.

Chart, H., and T.J. Trust.
surface

antigens

of

the

1984.
marine

Characterization of the
fish

pathogens

anguillarum and Vibrio ordalii. Can. J. Microbiol.

Vibrio

30: 703-

710.
Chen P.K., Bullock, G.L., Stucky, H. M. and Bullock, A.C.
1974.

Serological diagnosis of Corynebacterial kidney

disease of salmonids .

J. Fish.

Res.

Board Can 31: 1939-

1940.
Cipriano, R.C., J.B. Pyle, C.E. Starliper, and S.W. Pyle.

1985.

Detection of Vibrio anguillarum antigen by the dot blot assay.
Journal of Wildlife Diseases, 21(3): 211-218.
Colwell R.R., and D.J. Grimes.
fish populations.

1984.

Vibrio diseases of marine

Helgolander-Meeresunters.

37, 265-287.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

135
Conroy, D.A. and Withnell, 6.C.

1974.

The use of a slide

agglutination test as an aid in the diagnosis of Vibrio
disease in fish.

Riv. Ital. Piscicolt.

Ittiopatol.,

3: 69-74.
Courtice I.D., and A.G. Khouri.

1981.

Serum resistance and

hemagglutination ability of marine vibrio pathogenic for fish.
Infect. Immun.
Crosa, J.H.

34: 702-707.

1980.

A plasmid associated with virulence in the

marine fish pathogen Vibrio anguillarum specifies an ironsequestering system.
Crosa, J.H.
transport

1984.
and

Microbiology
Crosa, J.H.

Nature, London 284, 566-568.

The relationship of plasmid-mediated iron
bacterial

virulence.

Annual

Review

of

38, 69-89.

1983.

salmonid fish.

Vibrio ordalii as a cause of vibriosis in

Bacterial and viral diseases of fish.

Crosa, J.H. and Hodges, L.L. 1981.

31-40.

Outer membrane proteins

induced under conditions of iron limitatiion in the marine
fish pathogen (Vibrio anguillarum) . Infection and Immunity
31(1), 223-227.
Crosa, J.H. Hodges, L.L. and Schiewe, M.H.

1980.

Curing of a

plasmid is correlated with an attenuation of virulence in the
marine

fish pathogen Vibrio anguillarum.

Immunity

Infection and

27, 897-902.

Crosa, J.H., Schiewe, M.H. and Falkow, S.

1977.

Evidence for

plasmid contribution to the virulence of the fish pathogen
Vibrio anguillarum.

Infection and Immunity

18, 509-513.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

136
Curtis, A.W., and Merril, W.C.

1967.

Bacterial antigen: Method

in immunology and immunochemistry. Vol. 1.
Dixon, P.F.

1985.

Rapid detection and identification of fish

pathogens by the enzyme linked immunosorbent assay, p 11-16.
Fish and shellfish pathology.
Doctsch, R.N., and R.D. Sjoblad.
function in bacteria.

1980.

Flagellar structure and

Ann. Rev. Microbiol.

Douillard, J.V., and T. Hoffman.

1983.

34: 69-108.

Enzyme-linked immuno

-sorbent assay for screening monoclonal antibody production
using enzyme-labeled second antibody.

Methods Enzymol.

92:

168-174.
Egidius,

E.,

and

Anderson,

K.

1978.

Host-specific

pathogenicity of strains of Vibrio anguillajrum isolated from
rainbow and saithe Pollachius virens (L.).

J. Fish Dis 1, 45-

50.
Ezura,

Y.,

Tajima,

K., Yoshimizu,

M.

and Kimura,

T.

1980.

Studies on the toxonomy and serology of causative organisms
of fish vibriosis.

Fish Pathology. 14, 167-179.

Ey, P.L., S.J. Prowse, and C.R. Jenkin.

1978.

Isolation of

pure IgGl, IgG2a, and IgG2b immunoglobulins from mouse serum
using protein A-Sepharose.

Immunochemistry 15:429

Funahashi, N., Miyazaki T., Kodera K. and Kutbota S.

1974.

Histopathological studies of vibriosis of ayn (Plecoglossus
altivelis). Fish Pathology 8, 136-143.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

137
Farmer, S.6., and R.C. Tilton.

1980.

Immunoserological and

immunochemical detection of bacterial antigens and antibodies.
p521—532 Manual of clinical microbiology. 3rd ed.
Good, A.H., L. Wofsy, J. Kimura, and C. Henry.

1980.

Purification of immunoglobulins and their fragments,
p 278-286.

In B.B. Mishell and S.M. Shiigi (ed.), Selected

Methods in Cellular Immunology.

W.H. Freeman and Co., San

Francisco.
Griffin,

B.R.

1979.

An enzyme-linked antibody assay for

detection of Aeromonas salmonicida.

Fish Health News, 8(3),

1- 1 1 .

Harbell, S.O., Hodgins, H.O. and Schiewe, M.H.

1979.

Studies

on the pathology of vibriosis in coho salmon (Oncorhynchus
kisutch). Journal of Fish Diseases 2, 527-535.
Holt, G.

1970.

Vibriosis (Vibrio anguillarum) as an epizootic

disease in rainbow trout (salmo gairdneri). Acta. Vet. Scand.
11: 600.
Horne, M.T.

(1982).

(Bergman).

The pathogenicity of Vibrio anguillarum

In "Microbial Diseases of Fish" (R.J. Roberts,

ed.), pp. 171-187.

Academic Press, London.

Horne, M.T. and A. Baxendale.

1983.

The adhesion of Vibrio

anguillarum to host tissue and its role in pathogenesis.
Fish Dis.
lino T.

J.

6: 461-471.

1969.

Bacteriol Rev.

Genetics and chemistry of bacterial flagella.
454-475.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

138
Inamura, H., K. Muroga, and T. Nakai.

1984.

Toxicity of

extracellular products of Vibrio anguillarum. Fish Pathology,
19, 89-96.
Johnsen, G.S. 1977.

Immunological studies on Vibro anguillarum.

Aquaculture 10, 221-230.
Johnson, K.A.

1980.

Development of effective vibrio

vaccination program for salmonid culture.

Fish Pathol.

14:4.
Kimura, T., and M. Yoshimizn.
antibody

sensitized

1983.

Coagglutination test with

staphylococci

for

rapid

serological diagnosis of fish furunculosis.

and

simple

Fish Pathogen.

17(4): 259-262.
Kitao, T., T. Aoki, M. Fukudome, K. Kawano, Y. Wada, and Y.
Mizuno.

1983.

Serotyping of Vibrio anguillarum isolated

from diseased freshwater fish in Japan.

J. Fish Dis.

6:175-181.
Koffler, H.

1967.

Flagellar Antigens, Methods in immunology

and immunochemistry, Vol 1:44-45.
Kohler, G., and C. Milstein.

1975.

Continuous culture of fused

cells secreting antibody of predefined specificity.

Nature.

256: 495.
Krnovall, G.

1971.

A rapid slide-agglutination method for

typing pneumococci by means of specific antibody absorbed to
protein A containing
Microbiology.

staphylococci.

Journal of Medical

6, 187-190.

Krovacek, K., A. Faris and I. Mansson.

1987.

Cytoxic and skin

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

139
permeability factors produced by Vibrio anguillarum.
Larsen, J.L. and Rasmussen, H.B.

1987.

Further antigenic

analyses of the fish pathogenic bacterium Vibrio anguillarum.
Curr. Microbiol.

16: 145-148.

Laurencin B.F., and E. Germon.

1987.

Short paper and abstracts

Aquculture, 67:203-272.
Littlefield, J.W.

1984.

Selection of hybrids from matings of

fibroblasts in vitro and their presumed recombinants.
Science

145: 709-710.

McDaniel, D. 1975. Vibriosis.

In "Procedures For The Detection

and Identification of Certain Fish Pathogens.
D. American Fisheries Society.
McCarthy, D.H., and Rawle, C.T.

Ed by McDaniel,

Fish Health Section.
1975.

The rapid serological

diagnosis of fish furnculosis caused by "smooth" and "rough"
strains

of

Microbiology.

Aeromonas

salmonicida.

Journal

of

General

86, 185-187.

Miyazaki T., and Kubota S.S.
vibriosis of the salmonids.

1977.

Histopathological study on

Fish Pathology.

12, 93-98.

Miyazaki, T., Yasuhiko J., Kubota S.S. and Egusa S.

1977.

Histopathological studies on vibriosis of the Japanese eel
(Anguilla japoinca) - I. Natural infection.

Fish Pathology

12:163-170.
Moustafa, M., H. Kodama, T. Mikami, and H. Izawa.

1985.

Toxic

substance in culture filtrate of Vibrio sp. strain N7802, a
poor producer of hemolysin and protease.

Fish Pathol., 20,

181-186.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

140
Mukerjee, S.

1978.

cholerae.

p51-115

Principles of practices of typing Vibrio
Methods in Microbiology Vol.12.

Muroga K., and M.C. Cruz.
anguillarum

in

1987.

tissue

Fate and location of Vibrio

of

artificially

(Plecoglossus altivelis). Fish Pathology.
Muroga, K., Y. Jo, and K. Masumura.
isolated

from dizeased Ayu

infected

Ayn

22:99-103.

1986.

Vibrio orodalii

(plecoglossus

altivelis)

Rockfish (Sebastes schlegeli). Fish Pathology.

and

21 (4) 239-

243.
Nelson, J.S., J.S. Rohovec, and J.L. Fryer.
Vibrio anguillarum

in tissue of

1985.

Location of

infected Drainbow trout

(Salmon gairdneri) using the fluorescent antibody technique.
Fish pathol.

20(2/3) 229-235.

Oi, V.T. and L.A. Herzenberg.

1980.

hybrid cell lines, p 351-372.

Immunoglobulin producing

In B.B. Mishell and S.M.

Shiigi (ed.), Selected methods in cellular immnology.

W.H.

Freeman and Co., San Francisco.
Pacha, R.E., and E.D. Kiehn.

1969.

Characterization and

relatedness of marine Vibrios pathogenic to fish: physiology,
serology, and epidemiology.
Post, G.

1987.

Fish Health",

J. Bacteriol.

100:1242-1247.

Bacterial diseases of fishes,

in "Text Book of

P 41, Ed by Post, George.

Priest, B.P., Brinson, D.N., Schroeder, D.A. and Bunn, D.L.
1989.

Treatment of experimental Gram-negative bacterial

sepsis with marine monoclonal antibodies directed against
lipopolysaccharide.

Surgery.

106: 147-155.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

141
Ransom, D.P., Lannan, C.N., Rohorec, J.S. and Fryer, L.L.

1984.

Comparison of histopathology caused by Vibrio anguillarum and
Vibrio ordalii in three species of Pacific salmon.

Journal

of Fish Diseases 7, 107-115.
Rasmusen, H.B.

1987.

Evidence for the present of a K antigen

in strains of Vibrio anguillsurum.

Curr. Microbiol.

14: 275-278.
Roberson, B.S.

1981.

Detection of fish antibody by thin layer

ELISA, pll3-118 Dev. Biol. Standarization.
Rozalski, A., Brade, L., Kosma, P., Appelmelk, B.J., Krogmann,
C., and Brade, H.

1989.

Epitope specificities of marine

monoclonal and rabbit polyclonal antibodies against
enterobacterial lipopolysaccharides of the Re chemotype.
Infec. Immu.

57. 2645-2652.

Salati, F. and R. Kusuda.

1986.

Chemical composition of the

lipopolysaccharides from Vibrio anguillarum and Vibrio
ordalii.
Schiewe, M.H.

Fish Pathol.
1981.

21(3) 193-199.

Taxonomic status of marine vibrios

pathogenic for salmonid fish.

International Symposium on

Fish Biologies: Serodiagnostics Vaccines, Leetown, W. Va.,
U.S.A. Develop, biol. standard.
Schiewe, M.H.

1983.

Salmonid fish.

Vibrio ordalii as a cause of Vibriosis in

In:

molecular studies.

49: 149-158.

Bacterial and viral diseases of fish,
Ed by J. H. Crosa.

Univ. of Washington,

Seattle, 31-40.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

142

Schiewe, M.H., Crosa, J.H.

1981.

Vibrio anguillarum biotype 2.

Microbiology
Schiewe,

Molecular characterization of
Canadian Journal of

27: 1011-1018.

M.H.,

J.H.

Crosa,

and

E.J.

Deoxyribonucleic acid relationships
pathogenic to fish.
Schiewe, M.H.,

and J.H.

1977.

among marine vibrios

Can. J. Microbiol.

T.J. Trust,

Ordal.

23: 954-958.

Crosa.

1981.

Vibrio

ordalii sp. nov.

: Acausative agent of vibriosis in fish.

Curr. Microbiol.

Vol 6:343-348.

Schreier, M., G. Kohler, H. Hengartney, C. Birech, M. Trucoo,
and L. Forri.

1980.

Hybridoma Techniques.

Cold Spring

Harbor Laboratory, Cold Spring, N.Y.
Sciortine,

C.V.,

Z.S.

Yang

and

R.A.

Finkelstein.

1985.

Monoclonal antibodies to outer membrane antigens of Vibrio
Infection and Immunity.

cholerae.

July 122-131.

Shinoda, S., R. Kariyama, M. Ogawa, and T. Miwatami.

1976.

Flagellar antigens of various species of the genus vibrio and
related genera.

Int. J. Syst, Bacteriol 26: 92-101.

Shinoda, S., N. Nakahara, Y. Ninomiya, K. Itaoh and H. Kana.
1983.

Serological

parahaemolyticus

Microbiol.

method

from

marine

identification of
samples.

Appl.

of

vibrio

1977.

Environ.

Antigenicity of lateral

parahaemolyticus :

Existence

different antigenic determinants in a flagellum.
Immun.

vibrio

45:148-152.

Shinoda, S., and N. Nakahara.
flagella

for

of

two

Infect.

17: 235-237.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

143
Shinoda, S., N. Nakahara and H. Kane.

1984.

Lateral flagellum

of Vibrio fluviallis; a species specific antigen.
Microbiol.

Can. J.

30: 1525-1529.

Shinoda, S., T. Senoh, K. Asano, N. Nakahara, and B. Ono.

1980.

Differences between surface antigenic determinants of polar
monotrichous

flagella

related species.

of vibrio parahaemolyticus

Microbiol. Immunol.

Shulman, M., C.D. Wilde and G. Kohler.

and

of

24: 407-418.
1978.

A better cell

line for making hybridomas secreting specific antibody.
Nature 276: 269-270.
Siebeling, R.J.

1989.

Immunology and Serology Laboratory Manu.

Dept. Micriobiol. L.S.U. Baton Rouge, LA.
Sindermann, C.J.

1966.

Diseases of marine fishes.

In: F.S.

Russel (Editor), Advances in Marine Biology, Vol. 4 Academic
Press, N.Y., N.Y., pp 1-89.
Sindermann,

C.J.,

1990.

Disease of Marine Fish caused by

Microbial Pathogens and Animal Parasites.

Principal Diseases

of Marine Fish and Shellfish. 1, 31-54.
Simonson, J.G. and R.J. Siebeling.

1986.

Rapid serological

identificatiion of Vibrio vulnificus by anti-H
coagglutination.

Appl. Environ. Microbiology.

Simonson, J.G. and R.J. Siebeling.

1988.

52:1299-1304.

Coagglutination of

Vibrio cholerae, Vibrio mimicus, and Vibrio vulnificus with

anti-flagellar monoclonal antibody.
Microbiology

J. of Clinical

26: 1962-1966.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

144
Singleton, F.L., Attwell, R., Jangi, S. and Colwell, R.R.

1982.

Effects of temperature and salinity on Vibrio cholerae growth.
Appl. environ. Microbiol.
Smith, P.O.

1981.

44, 1047-1058.

Enzyme-linked immunosorbent assay (ELISA)

for detection of Aeromonas salmonicida
tissue.

in diseased fish

In D.P. Anderson and W. Hennessen (eds). Proc. Int.

Symp. Fish Biologies: Serodiagnostics and Vaccines, Natural
Fish Health Research Laboratory, Kearneysosille, W.V. 26-30
April 1981, pp 97-100.
Song, Y.L., Chen, S.N. and Kou, G.H.

1988.

Serotyping of

Vibrio anguillarum strains isolated from fish in Taiwan.
Fish Pathol.

23(3) 185-189.

Sorensen V.B.S., Larsen J.L.
anguillarum.

1986.

Serotyping of Vibrio

Appl. Environ. Microbiol.

Staley, T.E., Colwell, R.R.

1973.

51: 593-597.

Polynucleotide sequence

relationships among Japanese and American strains of Vibrio
paraheamolyticus.

Journal of Bacteriology.

Svendsen, I. and Larsen, J.L.

1988.

114: 916-927.

Monoclonal antibodies

against surface antigens of Vibrio anguillarum serogroup 02.
Acta Vet. Scand.

29:363-368.

Tajima, K., Y. Ezura, and T. Kimura.
taxonomy
vibriosis.

and

serology

of

Fish Pathology.

1985.

causitive

Studies on the

organisms

of

fish

20 (2/3) 131-142.

Tajima, K., Ezura, Y. and Kimura, T.

1987.

Serological

analysis of thermolabile antigens of Vibrio anguillarum.
Fish Pathol.

22: 221-226.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

145
Tassin, M.G., R.J. Siebeling, and A.D. Larson.
relationships among several vibrio species.

1984.

H antigen

p73-82.

Vibrios

in the environment, John Wiley and Sons Inc., N.Y.
Tassin, M.G., R.J. Siebeling, N.C. Roberts and A.D. Larson.
1983.

Presumptive identification of vibrio species with H

antiserum.

J. Clin. Microbiol.

400-407.

Toranzo, A.E., Baya, A.M., Roberson, B.S., Barja, J.L., Grimes,
D.J., and Hetrick, F.M.

1987.

Specificity of slide

agglutination test for detecting bacterial fish pathogens.
Aquaculture, 61: 81-97.
Toranzo,

A.E.,

Hetrick,

Barja,

F.M.

J.L.,

and Crosa,

Potter,
J.H.

S.A.,m Colwell,

1983.

R.R.,

Molecular factors

associated with virulence of marine vibrios isolated from
striped bass in Chesapeake Bay.

Infection and Immunity.

39,

1220-1227.
Trust, J., and L. Larsen.
anguillarum

isolated

environment.

1984.
from

Agglutination typing of vibrio
diseased

App. Envir. Microbiol.

fish

and

from

the

1251-1265.

Trust, T.J., 1.0. Coourtice, A.G. Khouri, J.H. Crosa and M.H.
Schiewe.

1981.

Serum resistance and hemagglutination ability

of marine Vibrio pathogenic for fish.

Infection and Immunity.

Dec. 702-707.
Westphal, O. and Jann, K., 1965.

Bacterial lipopolysaccharides.

Extraction with phenol-water and further-applications of the
procedure.

In: R.L. Whistler (Editor), Methods in

Carbohydrate Chemistry, Vol. 5. Academic Press, New York,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

I
L .-

_

146
N.Y., pp83-91.
Holke, R.E.

1975.

Affecting Fish,

Pathology of Bacterial and Fungal Diseases
in " Pathology of Fishes"

P 33-105.

Ed by

William E. Ribelin abd George Higaki.
Yang,

G.C.H.,

G.D.

Schranc,

and

B.A.

Freeman.

Purification of flagellar cores of vibrio cholerae.
Bacteriol. 129: 1121-1128.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

1977.
J.

VITA

Zhongshi Wang was born on November 7, 1958 in Beijing,
China.

She graduated from Beijing Medical University, Beijing,

China,

in 1983, where she received her Bachelor degree of

Medicine in Western Medicine.

She practiced the medicine in

Internal Medicine Department at Chaoyang Hospital,
China after graduatation.

Beijing,

In 1984, she was accepted to graduate

school to continue her education with Dr. Ronald J. Siebeling at
Louisiana State University, Baton Rouge, where she currently is
a

candidate

for

the

degree

of

Doctor

of

Philosophy

Microbiology.

147

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

in

DOCTORAL EXAMINATION AND DISSERTATION REPORT

Candidate:

Z hongshi Wang

Major Field: M ic ro b io lo g y

Title of Dissertation:

I d e n t i f i c a t i o n o f V ib rio a n g u illa ru m and V ib rio o r d a l i i by a
m onoclonal a n tib o d y c o a g g lu tin a tio n a s s a y .

Approved:

Major Professor and Chairman

tL.

Dean of the Graduate School

EXAMINING COMMITTEE:

C-5

Date of Examination:

Tuesday, July 17. 1990

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

